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PREFACE 



In this book, the authors define the new notion of set vector 
spaces which is the most generalized form of vector spaces. Set 
vector spaces make use of the least number of algebraic 
operations, therefore, even a non-mathematician is comfortable 
working with it. It is with the passage of time, that we can think 
of set linear algebras as a paradigm shift from linear algebras. 
Here, the authors have also given the fuzzy parallels of these 
new classes of set linear algebras. 

This book abounds with examples to enable the reader to 
understand these new concepts easily. Laborious theorems and 
proofs are avoided to make this book approachable for non- 
mathematicians. 

The concepts introduced in this book can be easily put to 
use by coding theorists, cryptologists, computer scientists, and 
socio-scientists. 

Another special feature of this book is the final chapter 
containing 304 problems. The authors have suggested so many 
problems to make the students and researchers obtain a better 
grasp of the subject. 

This book is divided into seven chapters. The first chapter 
briefly recalls some of the basic concepts in order to make this 
book self-contained. Chapter two introduces the notion of set 
vector spaces which is the most generalized concept of vector 
spaces. Set vector spaces lends itself to define new classes of 
vector spaces like semigroup vector spaces and group vector 



5 




spaces. These are also generalization of vector spaces. The 
fuzzy analogue of these concepts are given in Chapter three. 

In Chapter four, set vector spaces are generalized to biset 
bivector spaces and not set vector spaces. This is done taking 
into account the advanced information technology age in which 
we live. As mathematicians, we have to realize that our 
computer-dominated world needs special types of sets and 
algebraic structures. 

Set n-vector spaces and their generalizations are carried out 
in Chapter five. Fuzzy n-set vector spaces are introduced in the 
sixth chapter. The seventh chapter suggests more than three 
hundred problems. When a researcher sets forth to solve them, 
she/he will certainly gain a deeper understanding of these new 
notions. 

Our thanks are due to Dr. K. Kandasamy for proof-reading 
this book. We also acknowledge our gratitude to Kama and 
Meena for their help with the corrections and layout. 

W.B.VASAWTHA KANDASAMY 
FLORENT1N SMARANDACHE 
KILAMTHENRAL 
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Chapter One 



B\sac Concepts 



This chapter has three sections. In section one a brief 
introduction to linear algebra is given. Section two gives the 
basic notions in bilinear algebra and the final section gives the 
definition of fuzzy vector spaces. For more about these 
concepts, please refer [48, 60]. 



1.1 Definition of Linear Algebra and its Properties 

In this section we just recall the definition of linear algebra and 
enumerate some of its basic properties. We expect the reader to 
be well versed with the concepts of groups, rings, fields and 
matrices. For these concepts will not be recalled in this section. 

Throughout this section, V will denote the vector space over F 
where F is any field of characteristic zero. 

DEFINITION 1 . 1 . 1 : A vector space or a linear space consists of 
the following: 

i. a field F of scalars. 

ii. a set V of objects called vectors. 
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Hi. a rule (or operation) called vector addition; which 
associates with each pair of vectors a, ft € V; a + jd in V, 
called the sum of a and ft in such a way that 

a. addition is commutative a + j3 = ft + a. 

h. addition is associative a + (/3 + y) - (a + (3) + y 

c. there is a unique vector 0 in V, called the zero 
vector, such that 

a + 0 = a 

for all a in V. 

d. for each vector a in V there is a unique vector - a 
in V such that 

a + (-a) = 0. 

e. a rule (or operation), called scalar multiplication, 
which associates with each scalar c in F and a 
vector a in V, a vector c • a in V, called the 
product of c and a, in such a way that 

1. 1 • a - afar every a in V. 

2. (c, • c 2 )* a - ct • (c 2 * a ). 

3. c •(a + P)-c t a + c*p. 

4. (ci + cf)* a - ci* a + C 2 * a . 

for a, (3 £ V and c, ci € F. 

It is important to note as the definition states that a vector space 
is a composite object consisting of a field, a set of ‘vectors’ and 
two operations with certain special properties. The same set of 
vectors may be part of a number of distinct vectors. 

We simply by default of notation just say V a vector space 
over the field F and call elements of V as vectors only as matter 
of convenience for the vectors in V may not bear much 
resemblance to any pre-assigned concept of vector, which the 
reader has. 




Example 1.1.1: Let R be the field of reals. R[x] the ring of 
polynomials. R[x] is a vector space over R. R[x] is also a vector 
space over the field of rationals Q. 

Example 1.1.2: Let Q[x] be the ring of polynomials over the 
rational field Q. Q[x] is a vector space over Q, but Q[x] is 
clearly not a vector space over the field of reals R or the 
complex field C. 

Example 1.1.3: Consider the set V = R x R x R. V is a vector 
space over R. V is also a vector space over Q but V is not a 

vector space over C. 

Example 1.1.4: Let M mxn = {(a,,) | a,, e Q} be the collection of 
all m x n matrices with entries from Q. M m x n is a vector space 

over Q but M m x n is not a vector space over R or C. 

Example 1.1.5: Let 



?3x3 — ' 




" a n 

a 21 


a i2 

a 22 


a i3 

a 23 


| a ;j e Q, 1 < i < 3, 1 < j < 3 






v a 31 


a 32 


a 33 





P 3 x 3 is a vector space over Q. 

Example 1.1.6: Let Q be the field of rationals and G any group. 
The group ring, QG is a vector space over Q. 

Remark : All group rings KG of any group G over any field K 
are vector spaces over the field K. 

We just recall the notions of linear combination of vectors in a 
vector space V over a field F. A vector P in V is said to be a 
linear combination of vectors Vj . . ,,v n in V provided there exists 
scalars Ci ,. . ., c n in F such that 
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n 

P = C1V1 + ...+ C n V n = XCi Vj . 

i=l 

Now we proceed on to recall the definition of subspace of a 
vector space and illustrate it with examples. 

DEFINITION 1.1.2: Let V be a vector space over the field F. A 
subspace of V is a subset W of V which is itself a vector space 
over F with the operations of vector addition and scalar 
multiplication on V. 

We have the following nice characterization theorem for 
subspaces; the proof of which is left as an exercise for the 
reader to prove. 

THEOREM 1.1.1: A non-empty subset W of a vector V over the 
field F; V is a subspace ofV if and only if for each pair a , P in 
W and each scalar c in F the vector ca + pis again in W. 

Example 1.1.7: Let M n><n = {(ay) | a,j s Q} be the vector space 
over Q. Let D n x n = {(a ;i ) | a i; e Q} be the set of all diagonal 
matrices with entries from Q. D n x n is a subspace of M n x n . 

Example 1.1.8: Let V = QxQxQbea vector space over Q. P 
= Q x {0} x Q is a subspace of V. 

Example 1.1.9: Let V = R[x] be a polynomial ring, R[x] is a 
vector space over Q. Take W = Q[x] c R[x]; W is a subspace of 
R[x], 

It is well known results in algebraic structures. The analogous 
result for vector spaces is: 

THEOREM 1.1.2: Let V be a vector space over a field F. The 
intersection of any collection of subspaces ofV is a subspace of 
V. 

Proof: This is left as an exercise for the reader. 
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DEFINITION 1.1.3: Let P be a set of vectors of a vector space V 
over the field F. The subspace spanned by W is defined to be the 
intersection ofW of all subspaces ofV which contains P, when 
P is a finite set of vectors, P = {a h ..., a m } we shall simply call 
W the subspace spanned by the vectors «/, a 2 ,..., ot m . 

THEOREM 1.1.3: The subspace spanned by a non-empty subset 
P of a vector space V is the set of all linear combinations of 
vectors in P. 

Proof: Direct by the very definition. 

DEFINITION 1.1.4: Let P], ... , P k be subsets of a vector space 
V, the set of all sums a t + ...+ a k of vectors a, <e P , is called the 
sum of subsets of Pi, P 2 ,..., Pk and is denoted by Pi + ...+ Pk or 

b y Z p ,- 

i=l 

IfUi, U 2 , Uk are subspaces of V, then the sum 



U=U] + U 2 + ...+ Uk 



is easily seen to be a subspace of V which contains each of the 
subspaces U,. 

Now we proceed on to recall the definition of basis and 
dimension. 

Let V be a vector space over F. A subset P of V is said to be 
linearly dependent (or simply dependent) if there exists distinct 
vectors, ecu ..., a, in P and scalars ci, ..., c k in F not all of which 
are 0 such that cycxj + cy a 2 + ...+ c k a k - 0. 

A set which is not linearly dependent is called independent. 
If the set P contains only finitely many vectors ai, ..., a k we 
sometimes say that a h ..., a k are dependent (or independent ) 
instead of saying P is dependen t or independen t. 
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i. A subset of a linearly independent set is linearly 
independent. 

ii. Any set which contains a linearly dependent set is 
linearly dependent. 

in. Any set which contains the 0 vector is linear by 
dependen t for 1.0 = 0. 

iv. A set P of vectors is linearly independent if and only 
if each finite subset of P is linearly independent i.e. 
if and only if for any distinct vectors a h ..., a k of 
P. C/ a/ + ...+ c k a k = 0 implies each c, = 0. 



For a vector space V over the field F, the basis for V is a 
linearly independent set of vectors in V, which spans the space 
V. The space V is finite dimensional if it has a finite basis. 

We will only state several of the theorems without proofs as 
results and the reader is expected to supply the proof. 

Result 1.1.1: Let V be a vector space over F which is spanned 
by a finite set of vectors Pi, p t . Then any independent set of 
vectors in V is finite and contains no more than t vectors. 

Result 1.1.2: If V is a finite dimensional vector space then any 
two bases of V have the same number of elements. 

Result 1.1.3: Let V be a finite dimensional vector space and let 
n = dim V. Then 

i. any subset of V which contains more than n vectors 
is linearly dependent. 

ii. no subset of V which contains less than n vectors 
can span V. 

Result 1.1.4: If W is a subspace of a finite dimensional vector 
space V, every linearly independent subset of W is finite, and is 
part of a (finite) basis for W. 
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Result 1.1.5: If W is a proper subspace of a finite dimensional 
vector space V, then W is finite dimensional and dim W < dim 
V. 

Result 1.1.6: In a finite dimensional vector space V every non- 
empty linearly independent set of vectors is part of a basis. 

Result 1.1.7: Let Abeanxn matrix over a field F and suppose 
that row vectors of A form a linearly independent set of vectors; 
then A is invertible. 

Result 1.1.8: If Wi and W 3 are finite dimensional subspaces of 
a vector space V then Wi + W 2 is finite dimensional and dim 
Wi + dim W 2 = dim (Wi n W 2 ) + dim (Wi + W 2 ). We say ai, 
..., a t are linearly dependent if there exists scalars Ci, c 2 ,..., c, 
not all zero such that Ci ai + . . . + c t a t = 0. 

Example 1.1.10: Let V = M 2 x 2 = {(ay) I ay e Q} be a vector 
space over Q. A basis of V is 
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Example 1.1.11: Let V = RxRxRbea vector space over R. 
Then {(1, 0, 0), (0, 1, 0), (0, 0, 1)} is a basis of V. 

IfV = RxRxRisa vector space over Q, V is not finite 
dimensional. 

Example 1.1.12: Let V = R[x] be a vector space over R. V = 
R[x] is an infinite dimensional vector spaces. A basis of V is {1, 
x, x 2 , ... , x 11 , ...}. 

Example 1.1.13: Let P 3 x 2 = {(ay) | ay e R} be a vector space 
over R. A basis for P 3 * 2 is 
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Now we just proceed on to recall the definition of linear 
algebra. 

DEFINITION 1.1.5: Let F be a field. A linear algebra over the 
field F is a vector space A over F with an additional operation 
called multiplication of vectors which associates with each pair 
of vectors a , ft in A a vector cxf in A called the product of a 
and ft in such a way that 

i. multiplication is associative a (fly) = ( aP) y. 

ii. multiplication is distributive with respect to 
addition 

a(P+y)-aP+ay 
(a + P)y-ay+Py 

Hi. for each scalar c in F, c ( a P) = (c a ) p = a (c p). 

If there is an element 1 in A such that 1 a — a I - a for each a 
in A we call a a linear algebra with identity over F and call 1 
the identity of A. The algebra A is called commutative if a P — 
Pa for all a and P in A. 

Example 1.1.14: F[x] be a polynomial ring with coefficients 
from F. F[x] is a commutative linear algebra over F. 

Example 1.1.15: Let M 5 x 5 = {(ay) a,, e Q}; M 5 x 5 is a linear 
algebra over Q which is not a commutative linear algebra. 

All vector spaces are not linear algebras for we have got the 
following example. 
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Example 1.1.16: Let P 5 x 7 = {(ay) a,, e R}; P 5 x 7 is a vector 
space over R but P 5 x 7 is not a linear algebra. 

It is worthwhile to mention that by the very definition of linear 
algebra all linear algebras are vector spaces and not conversely. 



1.2 Basic Properties of Linear Bialgebra 

In this section we for the first time introduce the notion of linear 
bialgebra, prove several interesting results and illustrate them 
also with example. 

DEFINITION 1.2.1: Let V = Vj u V 2 be a bigroup. If V) and V 2 
are linear algebras over the same field F then we say V is a 
linear bialgebra over the field F. 

If both V) and V 2 are of infinite dimension vector spaces 
over F then we say V is an infinite dimensional linear bialgebra 
over F. Even if one ofVi or V 2 is infinite dimension then we say 
V is an infinite dimensional linear bialgebra. If both Vj and V 2 
are finite dimensional linear algebra over F then we say V = Vj 
uV 2 is a finite dimensional linear bialgebra. 

Examples 1.2.1: Let V = V) u V 2 where V) = {set of all n x n 
matrices with entries from Q} and V 2 be the polynomial ring Q 
[x], V = Vi u V 2 is a linear bialgebra over Q and the linear 
bialgebra is an infinite dimensional linear bialgebra. 

Example 1.2.2: Let V = V) u V 2 where V) = Q x Q x Q abelian 
group under *+’, V 2 = {set of all 3 x 3 matrices with entries 
from Q} then V = V) u V 2 is a bigroup. Clearly V is a linear 
bialgebra over Q. Further dimension of V is 12 V is a 12 
dimensional linear bialgebra over Q. 

The standard basis is {(0 1 0), (1 0 0), (0 0 1)} u 
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Example 1.2.3: Let V = Vi u V 2 where Vi is a collection of all 
8x8 matrices over Q and V 2 = {the collection of all 3 x 2 
matrices over Q}. Clearly V is a bivector space of dimension 70 
and is not a linear bialgebra. 

From this example it is evident that there exists bivector 
spaces which are not linear bialgebras. 

Now if in a bivector space V = Vi u V 2 one of Vi or V 2 is a 
linear algebra then we call V as a semi linear bialgebra. So the 
vector space given in example 1.2.3 is a semi linear bialgebra. 

We have the following interesting theorem. 

THEOREM 1.2.1: Every linear bialgebra is a semi linear 
bialgebra. But a semi linear bialgebra in general need not be a 
linear bialgebra. 

Proof: The fact that every linear bialgebra is a semi linear 
bialgebra is clear from the definition of linear bialgebra and 
semi linear bialgebra. 

To prove that a semi linear bialgebra need not in general be a 
linear bialgebra. We consider an example. Let V = V 2 u V 2 
where V| = Q x Q and V 2 the collection of all 3 x 2 matrices 
with entries from Q clearly V = Q x Q is a linear algebra of 
dimension 2 over Q and V 2 is not a linear algebra but only a 
vector space of dimension 6, as in V 2 we cannot define matrix 
multiplication. Thus V = Vi u V 2 is not a linear bialgebra but 
only a semi linear bialgebra. 
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Now we have another interesting result. 

THEOREM 1.2.2: Every semi linear bialgebra over Q is a 
bivector space over Q but a bivector space in general is not a 
semi linear bialgebra. 

Proof: Every semi linear bialgebra over Q is clearly by the very 
definition a bivector space over Q. But to show a bivector space 
over Q in general is not a semi linear bialgebra we give an 
example. Let V = Vi u V 2 where Vi = {the set of all 2 x 5 
matrices with entries from Q} and V 2 = {all polynomials of 
degree less than or equal to 5 with entries from Q}. Clearly both 
Vi and V 2 are only vector spaces over Q and none of them are 
linear algebra. Hence V = Vi u V 2 is only a bivector space and 
not a semi linear bialgebra over Q. 

Hence the claim. 

Now we define some more types of linear bialgebra. Let V 
= Vi u V 2 be a bigroup. Suppose Vi is a vector space over Q 

(-s/2) and V 2 is a vector space over Q (s/3 ) (Q (s/2 ) and Q 
(s/3 ) are fields). 

Then V is said to be a strong bivector space over the bifield 
Q(Vt) u Q (s/2 ) . Similarly if V = Vi u V 2 be a bigroup and 

if V is a linear algebra over F and V 2 is a linear algebra over K, 
K^FKnF^ForK. i.e. if K u F is a bifield then we say V is 
a strong linear bialgebra over the bifield. 

Thus now we systematically give the definitions of strong 
bivector space and strong linear bialgebra. 

DEFINITION 1.2.2: Let V - V\ u V 2 be a bigroup. F - Fj uF 2 
be a bifield. If V; is a vector space over Fj and V 2 is a vector 
space over F 2 then V - V \ u V 2 is called the strong bivector 
space over the bifield F - F] u F 2 . If V - V > uV 2 is a bi group 
and if F ~ F j uF 2 is a bifield. If V/ is a linear algebra over F/ 
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and V 2 is a linear algebra over F 2 . Then we say V - V/ uV 2 is a 
strong linear bialgebra over the field F — Fj uF 2 . 

Example 1.2.4: Consider the bigroup V = Vi u V 2 where V 1 = 
Q^V2j x and V 2 = {set of all 3 x 3 matrices with 

entries from Q ( V3 ) }. 

Let F = Q(V2) u Q^V3j, Clearly F is a bifield. Vi is a 
linear algebra over Q(V2) and V 2 is a linear algebra over 
Q(V3). So V = Vi u V 2 is a strong linear bialgebra over the 

bifield F = Q(V2) uQ(^). 



It is interesting to note that we do have the notion of weak 
linear bialgebra and weak bivector space. 

Example 1.2.5: Let V = V 1 uV 2 where V^QxQxQxQbe 
the group under '+’ and V 2 = The set of all polynomials over the 

field Q ( V 2 ^ . Now Vi is a linear algebra over Q and V 2 is a 
linear algebra over 0 ( V2 j . Clearly Q u Q(^) is a not a 
bifield as Q c Q^V2 j . Thus V = Vi u V 2 is a linear bialgebra 

over Q we call V = Vi u V 2 to be a weak linear bialgebra over 
Q u Q^\[2 j . For QxQxQxQ = V!is not a linear algebra 

over Q \4l j . It is a linear algebra only over Q. 



Based on this now we give the definition of weak linear 
bialgebra over F = Fi u F 2 . where Fi and F 2 are fields and Fi u 
F 2 is not a bifield. 

DEFINITION 1.2.3: Let V - V 1 uV 2 be a bigroup. Let F ~ F j u 
F 2 . Clearly F is not a bifield ( For Fj a F 2 or /y c: F ] ) but F/ 
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and F2 are fields. If Vj is a linear algebra over F 1 and V2 is a 
linear algebra over F 2 , then we call Vj u V 2 a weak linear 
bialgebra over Fj uF 2 . One ofVi or V 2 is not a linear algebra 
over F 2 or Fj respectively. 

On similar lines we can define weak bivector space. 



Example 1.2.6: Let V = V| u V 2 be a bigroup. Let F = QuQ 
(42, 44 ) be a union of two fields, for Q c; Q [44., 44 j so Q u 

Q [44,44 ) = Q [44,44 j so is a field. This cannot be always 

claimed, for instance if F = Q [42. ) u Q (F) is not a field 



only a bifield. Let Vi = Q x Q x Q and V 2 = Q yy2,y/3j [x], Vi 
is a vector space, in fact a linear algebra over Q but Vi is not a 
vector space over the field Q^V2 ,44 ^ . V 2 is a vector space or 



linear algebra over Q or Q 



'42,4 3). Since Q c q[44,44), 



we see V is a weak bivector space over Q 



u q[44,44) 



infact 



V is a weak linear bialgebra over QuQ 




Example 1.2.7: Let V = Vi u V 2 be a bigroup. Let 
F = q[44,44^ u Q [45,44,444^ be a bifield. Suppose 

Vi = q[42,43^ [ x ] be a linear algebra over Q [44,44^ and 

V 2 = Q ( 44,44,444 j x Q_(45,4l,4n) be a linear algebra 
over Q(V5,V7,VTT). Clearly V = Vi u V 2 is a strong linear 
bialgebra over the bifield Q ( 42, 43 j u Q ( 45, 44, -v/lT ) . 



Now we have the following results. 
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THEOREM 1.2.3: Let V - V/ u Vj be a bigroup and V be a 
strong linear bialgebra over the bifield F = Fj u F V is not a 
linear bialgebra over F. 

Proof: Now we analyze the definition of strong linear bialgebra 
and the linear bialgebra. Clearly the strong linear bialgebra has 
no relation with the linear bialgebra or a linear bialgebra has no 
relation with strong linear bialgebra for linear bialgebra is 
defined over a field where as the strong linear bialgebra is 
defined over a bifield, hence no relation can ever be derived. In 
the similar means one cannot derive any form of relation 
between the weak linear bialgebra and linear bialgebra. 

All the three notions, weak linear bialgebra, linear bialgebra 
and strong linear bialgebra for a weak linear bialgebra is defined 
over union of fields F = FiuF 2 where Fi cz F 2 or F 2 cz F 2 ; Fi 
and F 2 are fields; linear bialgebras are defined over the same 
field where as the strong linear bialgebras are defined over 
bifields. Thus these three concepts are not fully related. 

It is important to mention here that analogous to weak linear 
bialgebra we can define weak bivector space and analogous to 
strong linear bialgebra we have the notion of strong bivector 
spaces. 

Example 1.2.8: Let V = Vi u V 2 where Vi = {set of all linear 
transformation of a n dimensional vector space over Q to a m 
dimensional vector space W over Q} and V 2 = {All polynomials 
of degree < 6 with coefficients from R} . 

Clearly V = Vi u V 2 is a bigroup. V is a weak bivector 
space over QuR. 



Example 1.2.9: Let V = Vi u V 2 be a bigroup. Vi = {set of all 
polynomials of degree less than or equal to 7 over Q^\/2 j } and 

V 2 = {set of all 5 x 2 matrices with entries from Q^V3,V7 j }. V 

= Vi u V 2 is a strong bivector space over the bifield F = Q {^2 ) 
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u Q^V3,V?j. Clearly V = Vi u V 2 is not a strong linear 
bialgebra over F. 

Now we proceed on to define linear subbialgebra and 
subbivector space. 

DEFINITION 1.2.4: Let V - V/ UV 2 be a bi group. Suppose V is 
a linear bialgebra over F. A non empty proper subset W of V is 
said to be a linear subbialgebra of V over F if 

1. W - Wi UW 2 is a subbi group ofV- V/ uV 2 . 

2. Wi is a linear subalgebra over F. 

3. W 2 is a linear subalgebra over F. 

Example 1.2.10: Let V = Vi u V 2 where Vi = Qx Qx Qx Q and 
V 2 ={set of all 4 x 4 matrices with entries from Q}. V = ViUV 2 
is a bigroup under *+’ V is a linear bialgebra over Q. 

Now consider W = Wi u W 2 where Wi = Q x {0} xQx 
{0} and W 2 = {collection of all upper triangular matrices with 
entries from Q}. W = Wi u W 2 is a subbigroup of V = Vi u V 2 . 
Clearly W is a linear subbialgebra of V over Q. 

DEFINITION 1.2.5: Let V - V/ uV 2 be a bigroup. F = Fi uF 2 
be a bifield. Let V be a strong linear bialgebra over F. A non 
empty subset W - Wj u W 2 is said to be a strong linear 
subbialgebra of V over F if 

1. W = Wi u W 2 is a subbigroup ofV-Vi u VC 

2. Wj is a linear algebra over Fj and 

3. W 2 is a linear algebra over F 2 . 

Example 1.2.11: Let V = Vi u V 2 where Vi = {Set of all 2 x 2 
matrices with entries from Q be a group under matrix 

addition and V 2 = {collection of all polynomials in the variable 
x over Q ) }. V 2 under polynomial addition is a group. 
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Thus V = V] u V 2 is a strong linear bialgebra over the bifield F 

= Q (V2) uQ (V3,V5). 



Consider W = Wi u W 2 where 



Wi 



0 0 

0 a 



am 



and W 2 = {all polynomials of even degree i.e. p (x) = 



JpiX 2l n e Q(yf3,yf5) . Clearly, W = Wi u W 2 is a subbigroup 



of V = Vi u V 2 . Clearly W is a strong linear subbialgebra of V 
overthe bifield F = Q^-v/ 2 ) uQ^V5,V3j. 



DEFINITION 1.2.6: Let V - Vj u V 2 be a bigroup. Let V be a 
weak linear bialgebra over the union of fields F i uF 2 (i.e. F 1 is 
a subfield of F 2 or F 2 is a subfield of F f where Vj is a linear 
algebra over F 1 and V 2 is a linear algebra over F 2 . A non empty 
subset W = W] u W 2 is a weak linear sub bialgebra ofV over F t 
uF 2 if 

1. W is a subbigroup of V. 

2. Wj is a linear subalgebra ofVi. 

3. W 2 is a linear subalgebra of V 2 ■ 



Example 1.2.12: Let V = Vi u V 2 be a bigroup. Let F = Q u Q 
[2,sjl\ be the union of fields. Vi be a linear algebra over Q 



and V 2 be a linear algebra over Q ( v3, y7 j ; where Vi = {all 
polynomials in the variable x with coefficient from Q} and V 2 = 
{3x3 matrices with entries from Q^V2,V3 j }. V = Vi u V 2 is 

a weak linear bialgebra over Q u Q ( y/3, V7 ) . Consider W = 



Wi u W 2 , Wi = {all polynomial of only even degree in the 
variable x with coefficients from Q} and 
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7a b 0^ 

W 2 = < e d 0 a,b,c,de q(73 ,77) > . 

(o 0 oj 

Clearly W = Wi u W 2 is a subbigroup of V = Vi u V 2 . Further 
W = Wi u W 2 is a weak linear subbialgebra of V over F = Qu 

Q (72,73). 

It is very interesting to note that at times a weak linear 
bialgebra can have a subbigroup which happens to be just a 
linear subbialgebra over Fi (if Fi c F 2 i.e., Fi is a subfield of F 2 ) 
and not a weak linear subbialgebra. 

We define such structures as special weak linear bialgebra. 

DEFINITION 1.2.7: Let V = Vj uV 2 be a bigroup. F = Fj uF 2 
(where either Fj is a subfield of F 2 or F 2 is a subfield of Fj) be 
union of fields and V is a weak linear bialgebra over F. Suppose 
W - W i u W 2 is a subbi group of V - Vj u V 2 and if W is a 
linear bialgebra only over Fj (or F 2 ) (which ever is the subfield 
of the other). Then we call V = V/ uV 2 a special weak linear 
bialgebra. 

Example 1.2.13: Let V = Vi u V 2 be a bigroup where Vi = Q x 
Q x Q and V 2 = {2 x 2 matrices with entries from Q ( 72 ) }. V = 

Vi u V 2 is a weak linear bialgebra over QuQ (72) . 

Consider W = Wi u W 2 where Wi = Q x {0} x Q and W 2 = 
{set of all 2 x 2 matrices over Q}. Then W = Wi u W 2 is a 
linear bialgebra over Q. Clearly W 2 is note linear algebra over 

q( 72). We call V = V, u V 2 a special weak linear algebra 
over Q u q(77) . 
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DEFINITION 1.2.8: Let V = Vj u V 2 be a bigroup, F = F] u F 2 
be a union fields (i.e., Fj = F or F 2 = F), V be the weak linear 
bialgebra over F. We say V is a strong special weak linear 
bialgebra ifV has a proper subset W such that W = Wi U W 2 is 
a subbigroup ofV and there exists subfields of F ) and F 2 say K/ 
and K 2 respectively such that K - Kj U K 2 is a bifield and W is 
a strong linear bialgebra over K. 

Note: Every weak linear bialgebra need not in general be a 
strong special weak linear bialgebra. We illustrate both by 
examples. 

Example 1.2.14: Let V = Vi u V 2 where Vi = Q x Q and V 2 = 
{Collection of all 5 x 5 matrices with entries from Q [42 j } .V is 

a weak linear bialgebra over F= Q u Q[42^j . Clearly V is 

never a strong special weak linear bialgebra. 

Thus all weak linear bialgebras need not in general be a 
strong special weak linear bialgebras. 

Thus all weak linear bialgebras need not in general be a 
strong special weak linear bialgebras. We will prove a theorem 
to this effect. 

Example 1.2.15: Let V = Vi u V 2 be a bigroup. Vi = 
Q [42,43 ) [x] be the polynomial ring over QfrlVJ) = F|. 
Clearly V! is a abelian group under addition. Let 
Q_(42,43,47,4n) = F 2 be the field. Let V 2 = {the set of all 3 

x 3 matrices with entries from F 2 }. V 2 is an abelian group under 
matrix addition. V = V! u V 2 is a weak linear bialgebra over Fi 
uF 2 . 

Now consider the subbigroup, W = Wi u W 2 where Wi = 
{Set of all polynomials in x with coefficients from the field 

q [42^ } and W 2 = {set of all 3 x 3 matrices with entries from 

Q(VW7)}.F = Q(^) u q[43,4i j is a bifield and the 
subbigroup W = Wi u W 2 is a strong linear bialgebra over the 
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bifield F = Q^V2 ) u Q ( V3 j . Thus V has a subset W such 

that W is a strong linear bialgebra so V is a strong special weak 
linear bialgebra. 

Now we give condition for a weak linear bialgebra to be 
strong special weak linear bialgebra. 

THEOREM 1.2.4: Let V - Vi u V 2 be a bigroup which has a 
proper subbigroup. Suppose V is a weak linear bialgebra over 
F - F 1 uF 2 . V is not a strong special weak linear bialgebra if 
and only if one ofFi or F 2 is a prime field. 

Proof: Let V = Vi u V 2 be a bigroup and V be a weak linear 
bialgebra over the field F = Fi u F 2 . Suppose we assume Fi is a 
prime field then clearly F 2 has Fi to be its subfield. So F = Fi u 
F 2 has no subset say K = Kj u K 2 such that K is a bifield. Since 
F has no subset K = K, u K 2 such that K is a bifield, we see for 
no subbigroup W can be a strong linear bialgebra. 

Conversely if F = F! u F 2 and if one of Fi or F 2 is a prime 
field then there does not exist K c F, K = Ki u K 2 such that K 
is a bifield, then V cannot have a subbigroup which is a strong 
linear bialgebra. 

Now we give the conditions for the weak linear bialgebra to 
be a strong special weak linear bialgebra. 

1 . V = Vi u V 2 should have proper subbigroups. 

2. In F = Fi u F 2 (F = Fj or F = F 2 ) the subfield must not 
be a prime field and the extension field must contain 
some other non prime subfield other than the already 
mentioned subfield i.e. V should have subset which is a 
bifield. 

3. V should have a subbigroup which is a strong linear 
bialgebra over the bifield. 
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THEOREM 1.2.5: Let V - V \ UV 2 be a bigroup. F = Fj UF 2 be 
the union of field. V be a weak linear bialgebra over F.IfV has 
no proper subbigroup then 

1. V is not a strong special weak linear bialgebra over F. 

2. V is not a special weak linear bialgebra. 

The proof of the above theorem is left as an exercise for the 
reader. 



1.3 Fuzzy Vector Spaces 

In this section we recall the definition and properties of fuzzy 
vector spaces. The study of fuzzy vector spaces started as early 
as 1977. For more refer [55]. 

Throughout this section V denotes a vector space over a field F. 
A fuzzy subset of a non-empty set S is a function from S into [0, 
1]. Let A denote a fuzzy subspace of V over a fuzzy sub field K 
of F and let X denote a fuzzy subset of V such that XcA. Let 
(X) denote the intersection of all fuzzy subspaces of V over K 
that contain X and are contained in A. 

Definition 1.3.1: 

1. A fuzzy subset K of F is a fuzzy subfield of F, if K (1) = 
1 and for cdl c, cl g F, K (c - d) >min { K(c ), K ( d)j and 
K(cd ') >min { K( c), K (d)} where d z(). 

2. A fuzzy subset A of V is a fuzzy subspace over a fuzzy 
subfield K of F, ifA(O) > 0 and for all x, y g V and for 
all c g F, A (x — y) >min {A(x), A(y)j and A(cx) >min 
{K(c ) , A(x)J. IfK is a fuzzy subfield of F and if x g F, x 
* 0 , then K(0) = K(l) >K(x) = K(-x) = K(+ x 'f- 
lu the following we let L denote the set of all fuzzy subfields of 
F and let A L denote the set of all fuzzy subspaces of V over K e 
L. 
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If A and B are fuzzy subsets of V then A c B means A(x) < 
B(x) for all xeA, For 0 < t < 1, let A t = {x e V | A(x) > t}. 

Now we proceed onto recall the concept of fuzzy spanning. 

DEFINITION 1.3.2: Let Ai, A 2 , ..., A n be fuzzy subsets of V and 
let K be a fuzzy subset ofF. 

1. Define the fuzzy subset Aj + ... + A„ on V by the 
following: for all x £ V, (Aj +...+ A„ )(x) = sup { min 
fAi(x,), ...,A n (x n )} /x = x 1 +...+ x„,x i eV}. 

2. Define the fizzy subset K o A of V by for all x eV, (K o 
A) (x) = sup{min{K(c), A(y)j I c e F, y € V, x - cyj. 

DEFINITION 1.3.3: Let S be a set X € S and 0 <A < 1. Define the 
fuzzy subset x 2 of S by x 2 (y) = A if y = x and xx (y) = 0 if y ^x. 
Xx is called a fuzzy singleton. 

DEFINITION 1.3.4: A fuzzy vector space (V, rj) or !j v is an 
ordinary vector space V with a map // : V —> [0, 1] satisfying 
the following conditions. 

1. p (a + b) >min { p (a), tj {b)j. 

2. r/ (- a) = rj(a). 

3. 7j(0) = 1. 

4. ij(ra) > tj( a ) for all a, b e V and r e F where F is a 
field. 

DEFINITION 1.3.5: For an arbitrary fuzzy vector space r/ v and 
its vector subspace rj w , the fuzzy vector space (V/W, fj ) or /] vw 
determined by 



JJ (v+W) = 



sup tj (u + co) 

co<eW 



if V Eff 

otherwise 



is called the fizzy quotient vector space, q v by q w . 
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DEFINITION 1.3.6: For an arbitrary fuzzy vector space rj v and 
its fuzzy vector subspace rj w , the fuzzy quotient space of q v by 
t]w is determined by 



ij(v + W) = 



mfq(u + co) 

coeW 



It is denoted by 




o gW 
v <£W 
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Chapter Two 



Set Vector Spaces 



In this chapter for the first time we introduce the new concept of 
set vector spaces and set linear algebra. This new notion would 
help even non-mathematicians to use the tools of set vector 
spaces and set linear algebra over sets in fields like computer 
science, cryptology and sociology. Since the abstract algebraic 
concepts of abelian groups, fields and vector spaces are not 
easily understood by non-mathematicians more so by technical 
experts, engineers and social scientists we in this book try to 
introduce the notion of set vector spaces and set linear algebra 
over sets. 

This chapter has five sections. In section one we introduce 
the new notion of set vector space over a set and illustrate it 
with examples. In section two set linear transformation of set 
vector spaces is introduced. Section three introduces the notion 
of set linear algebra. 

In the fourth section the new notion of semigroup vector 
spaces are defined and a few of its important properties 
analyzed. The final section for the first time introduces the 
notion of group vector spaces. 
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2.1 Set Vector Spaces and their Properties 

In this section we introduce for the first time the notion of set 
vector spaces over sets and illustrate them with examples and 
give some interesting properties about them. 

DEFINITION 2.1.1: Let S be a set. V another set. We say V is a 
set vector space over the set S if for all v eV and for all s S; 
vs' and sv V. 

Example 2.1.1: Let V = {1, 2, co} be the set of positive 
integers. S = {2, 4, 6, ..., oo} the set of positive even integers. V 
is a set vector space over S. This is clear for sv = vs e V for all 
s g S and veV. 

It is interesting to note that any two sets in general may not be a 
set vector space over the other. Further even if V is a set vector 
space over S then S in general need not be a set vector space 
over V. 

For from the above example 2.1.1 we see V is a set vector 
space over S but S is also a set vector space over V for we see 
for every s e S and v e V, v.s = s.v e S. Hence the above 
example is both important and interesting as one set V is a set 
vector space another set S and vice versa also hold good inspite 
of the fact S ^ V. 

Now we illustrate the situation when the set V is a set vector 
space over the set S. We see V is a set vector space over the set 
S and S is not a set vector space over V. 

Example 2.1.2: Let V = {Q + the set of all positive rationals} 
and S = {2, 4, 6, 8, ..., co}, the set of all even integers. It is 
easily verified that V is a set vector space over S but S is not a 

7 7 

set vector space over V, for — e V and 2 e S but —.2 g S. 
Hence the claim. 
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Now we give some more examples so that the reader becomes 
familiar with these concepts. 



Example 2.1.3: Let 



M = 

I iV1 2x2 



b x 

d 



a, b, c, d e {set of all 



positive integers together with zero} be the set of 2 x 2 matrices 
with entries from N. Take S = {0, 2, 4, 6, 8, co}. Clearly 
M 2x 2 is a set vector space over the set S. 



Example 2.1.4: Let V = {Z + x Z + x Z + } such that Z + = {set of 
positive integers}. S = {2, 4, 6, ..., go}. Clearly V is a set vector 
space over S. 

Example 2.1.5: Let V = {Z + x Z + x Z + } such that Z + is the set of 
positive integers. S = {3, 6, 9, 12, ..., co}. V is a set vector space 
over S. 



Example 2.1.6: Let Z + be the set of positive integers. pZ + = S, p 
any prime. Z + is a set vector space over S. 

Note: Even if p is replaced by any positive integer n still Z + is a 
set vector space over nZ + . Further nZ + is also a set vector space 
over Z + . This is a collection of special set vector spaces over the 
set. 



Example 2.1.7: Let Q[x] be the set of all polynomials with 
coefficients from Q, the field of rationals. Let S = {0, 2, 4, ..., 
oo}. Q[x] is a set vector space over S. Further S is not a set 
vector space over Q[x], 

Thus we see all set vector spaces V over the set S need be such 
that S is a set vector space over V. 

Example 2.1.8: Fet R be the set of reals. R is a set vector space 
over the set S where S = {0, 1, 2, ..., co}. Clearly S is not a set 
vector space over R. 
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Example 2.1.9: C be the collection of all complex numbers. Let 
Z + u{0} = {0, 1, 2, co} = S. C is a set vector space over S 
but S is not a set vector space over C. 

At this point we propose a problem. 

Characterize all set vector spaces V over the set S which are 
such that S is a set vector space over the set V. 

Clearly Z + u{0} = V is a set vector space over S = pZ + u{0},p 
any positive integer; need not necessarily be prime. Further S is 
also a set vector space over V. 

Example 2.1.10: Let V = Zu = {0, 1, 2, ..., 11} be the set of 
integers modulo 12. Take S = {0, 2, 4, 6, 8, 10}. V is a set 
vector space over S. For seS and ve V,sv = vs(mod 12). 

Example 2.1.11: Let V = Z p = {0, 1, 2, ..., p - 1} be the set of 
integers modulo p (p a prime). S = {1, 2, ..., p - 1} be the set. V 
is a set vector space over S. 

In fact V in example 2.1.11 is a set vector space over any proper 
subset of S also. 

This is not always true, yet if V is a set vector space over S. V 
need not in general be a set vector space over every proper 
subset of S. Infact in case of V = Z p every proper subset S, of S 
= {1,2, ..., p - 1} is such that V is a set vector space over S;. 

Note: It is important to note that we do not have the notion of 
linear combination of set vectors but only the concept of linear 
magnification or linear shrinking or linear annulling, i.e., if v e 
V and s is an element of the set S where V is the set vector 
space defined over it and if sv makes v larger we say it is linear 
magnification. 

Example 2.1.12: If V = Z + u{0} = {0, 1, 2, ..., co} and S = {0, 
2, 4, ..., co} we say for s = 10 and v = 21, sv = 10.21 is a linear 
magnification. 
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Now for v = 5 and s = 0, sv = 0.5 = 0 is a linear annulling. 
Here we do not have the notion of linear shrinking. 

So in case of any modeling where the researcher needs only 
linear magnification or annulling of the data he can use the set 
vector space V over the set S. 

Notation: We call the elements of the set vector space V over 
the set S as set vectors and the scalars in S as set scalars. 



Example 2.1.13: Suppose Q + u {0} = {all positive rationals} = 
Q* = V and 



S= {0,1,|, ... 

2 2~ T 



Then V is a set vector space over S. We see for 6 e Q* = V and 
■j e S ^-.6 = 3 . This is an instance of linear shrinking. 
21 21 

Suppose s = 0 and v =— then s.v = 0. — = 0 is an instance of 
linear annulling. 

Now we see this vector space is such that there is no method to 
get a linearly magnified element or the possibility of linear 
magnification. 

Now we have got a peculiar instance for 1 e S and l.v = v for 
every v e V linear neutrality or linearly neutral element. The set 
may or may not contain the linearly neutral element. We 
illustrate yet by an example in which the set vector space which 
has linear magnifying, linear shrinking, linear annulling and 
linearly neutral elements. 

Example 2.1.14: Let Q + u {0} = V = {set of all positive 
rationals with zero}. 

S= jo, 1,^,..., 2,4,6, ...,ooJ 



33 




be the set. V is a set vector space over the set S. We see V is 
such that there are elements in S which linearly magnify some 
elements in V; for instance if v = 32 and s = 10 then s.v = 10.32 
= 320 is an instance of linear magnification. Consider v = 30 

and s = — then s.v. = — x 30 = 10 e V. This is an instance of 
3 3 

linear shrinking. Thus we have certain elements in V which are 
linearly shrunk by elements of the set S. 

Now we have 0 e S such that 0 v = 0 for all v g V which is an 
instance of linear annulling. Finally we see 1 g S is such that 
l.v = v for all v g V; which is an instance of linearly neutral. 
Thus we see in this set vector space V over the set S given in 
example 2.1.14, all the four properties hold good. Thus if a 
researcher needs all the properties to hold in the model he can 
take them without any hesitation. Now we define yet another 
notion called linearly normalizing element of the set vector 
space V. Suppose v g V is a set vector and s g S is a set scalar 
and 1 g V which is such that l.v = v.l = v and s. 1 = l.s = s for 
all v g V and for all s g S; we call the element scalar s in S to 
be a linearly normalizing element of S if we have v g V such 
that s.v = v.s = 1. 



For example in the example 2.1.14, we have for 3 g V and — g 
S; ^ .3 = 1 g S. Thus ^ is a linearly normalizing element of S. 

It is important to note that as in case of linearly annulling or 
linearly neutral element the scalar need not linearly normalize 
every element of the set vector space V. In most cases an 
element can linearly normalize only one element. 

Having seen all these notions we now proceed on to define the 
new notion of set vector subspace of a set vector space V. 
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DEFINITION 2.1.2: Let V be a set vector space over the set S. 
Let W c: V be a proper subset of V. If W is also a set vector 
space over S then we call W a set vector subspace of V over the 
set S. 

We illustrate this by a few examples so that the reader becomes 
familiar with this concept. 

Example 2.1.15: Let V = {0, 1, 2, co} be the set of positive 
integers together with zero. Let S = {0, 2, 4, 6, ..., go}, the set of 
positive even integers with zero. V is a set vector space over S. 
Take W = {0, 3, 6, 9, 12, ..., co} set of all multiples of 3 with 
zero. W c V ; W is also a set vector space over S. Thus W is a 
set vector subspace of V over S. 

Example 2.1.16: Let Q[x] be the set of all polynomials with 
coefficients from Q; the set of rationals. Q[x] is a set vector 
space over the set S = {0, 2, 4, ..., co}. Take W = {0, 1, ..., co} 
the set of positive integers with zero. W is a set vector space 
over the set S. Now W c Q c Q[x]; so W is a set vector 
subspace of V over the set S. 

Example 2.1.17: Let V = Z"xZ + xZ + xZ + a set of vector space 
over the set Z + = {0, 1, 2, ..., co}. Let W = Z + x Z + x {0} x {0}, 
a proper subset of V. W is also a set vector space over Z + , i.e., 
W is a set vector subspace of V. 

Example 2.1.18: Let V = 2Z + x 3Z + x Z + be a set, V is a set 
vector space over the set S = {0, 2, 4, ..., co}. Now take W = 
2Z + x {0} x 2Z + cV;Wisa set vector subspace of V over the 
set S. 



Example 2.1.19: Let 



V = M 



3x2 ' 



a d 
b e 
v c f. 



a, b, c, d, e, f e Z + u {0} } 
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be the set of all 3 x 2 matrices with entries from the set of 
positive integers together with zero. V is a set vector space over 
the set S = Z + u {0}. Take 



W = 



7 a 0" 
< b 0 

l c °, 



a, b, c g Z + u{0}} c V; 



W is a set vector subspace of V over the set S. 

Now having defined set vector subspaces, we proceed on to 
define the notion of zero space of a set vector space V over the 
set S. We as in the case of usual vector spaces cannot define set 
zero vector space at all times. The set zero vector space of a set 
vector space V exists if and only if the set vector space V over S 
has {0} in V i.e., {0} is the linearly annulling element of S or 0 
g V and 0 € S in either of the two cases we have the set zero 
subspace of the set vector space V. 

Example 2.1.20: Let Z + = V = {1, 2, oo} be a set vector 
space over the set S = {2, 4, 6, ..., oo}; V is a set vector space 
but 0 € V, so V does not have a set vector zero subspace. 

It is interesting to mention here that we can always adjoin the 
zero element to the set vector space V over the set S and this 
does not destroy the existing structure. Thus the element {0} 
can always be added to make the set vector space V to contain a 
set zero subspace of V. 

We leave it for the reader to prove the following theorem. 

THEOREM 2.1.1: Let V be a set vector space over the set S. Let 
W /, ..., W„ be n proper set vector subspaces of V over S. Then 

n n 

m is a set vector subspace of V over S. Further P| W t - <p 

1=1 i'=l 
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can also occur, if even for a pair of set vector subspaces W, and 
Wj of V we have W, nWj = <j)(i '). 

n 

Clearly even if 0 g V then also we cannot say P|W{ = (Of 

i = 1 

as 0 need not be present in every set vector subspace of V. 



We illustrate the situation by the following example. 

Example 2.1.21: Let Z + = {1, 2, oo} be a set vector space 
over the set S = {2, 4, 6, oo}. Take 

Wi = { 2 , ...,oo}, 

W 2 = {3,6, ...,oo}, ..., 
and 

W p = {p, 2p, 3p, ..., co}. 

We see W; n Wj * ()) for every i, j (i ^ j). 

Will f| Wi = <> if i = 1 to oo? 

n 

Willp|Wi^(t) if i = 1, 2, ..., n; n < oo? 

i=l 

Example 2.1.22: Let V = {1, 2, ..., co} be a set vector space 
over S = {2, , ..., oo}. W = {2, 2 2 , ..., 2 n ...} is set vector 
subspace of V over the set S. 

Wi = {3, 3 2 , 3 3 , ..., oo } is a proper subset of V but Wi is not 
a set vector subspace of V as Wi is not a set vector space over S 
as 2.3 = 6 g Wi for 2 e S and 3 e Wi. Thus we by this example 
show that in general every proper subset of the set V need not 
be a set vector space over the set S. 

Now having seen the set vector subspaces of a set vector space 
we now proceed to define yet another new notion about set 
vector spaces. 
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DEFINITION 2.1.3: Let V be a set vector space over the set S. 
Let T be a proper subset of S and W a proper subset ofV. IfW is 
a set vector space over T then we call W to be a subset vector 
subspace of V over T. 

We first illustrate this situation by examples before we proceed 
on to give more properties about them. 

Example 2.1.23: Let V = Z + u {0} = {0, 1, 2, ..., oo} be a set 
vector space over the set S = {2, 4, 6, ..., oo}. Consider W = {3, 
6,9,...} e V. 

Take T = {6, 12, 18, 24, ...} cS. Clearly W is a set vector 
space over T; so W is a subset vector subspace over T. 

Example 2.1.24: Let V = Z + x Z + x Z + be a set vector space 
over Z + = S. Take W = Z + x {0} x {0} a proper subset of V and 
T = {2, , 6, ..., oo} c Z + = S. Clearly W is a set vector space 
over T i.e., W is a subset vector subspace over T. 

Now we show all proper subsets of a set vector space need not 
be a subset vector subspace over every proper subset of S. We 
illustrate this situation by the following examples. 

Example 2.1.25: Let V = Z + x Z + x Z + be a set vector space 
over Z + = S = {0, 1, 2, ..., oo}. Let W = {3, 3 2 , ..., oo} x {5, 5 2 , 
...}x{0}cV. Take T={2, 4, 6, ...}cS. 

Clearly W is not a set vector space over T. That is W is not a 
subset vector subspace of V over T. Thus we see every subset of 
a set vector space need not in general be a subset vector 
subspace of the set vector space V over any proper subset T of 
the set S. 

We illustrate this concept with some more examples. 

Example 2.1.26: Let V = 2Z + x 3Z + x 5Z + = {(2n, 3m, 5t) | n, 
m, t g Z + }; V is a set vector space over the set S = Z + = {1,2, 
..., oo}. Take W = {2, 2 2 , ..., oo} x {3, 3 2 , ... } x {5, 5 2 , ...} cr 



38 




V. W is not a subset vector subspace over the subset T = {2, 4, 
. 00 } c Z + . Further W is not even a set vector subspace over 
Z + = S. Take W = {2, 2 2 , ...} x {0} x {0} a proper subset of V. 
Choose T = {2, 2 3 , 2 5 , 2 7 }. W is a subset vector subspace of V 
over the subset TcS. 

Example 2.1.27: Let 



V = 




b 7 



a,b,c,deZ + u{0} = {0, 1,2, ...}} 



be the set of all 2 x 2 matrices with entries from Z + u {0}. V is 
a set vector space over the set S = Z + = {1,2, ..., 00 }. Take 



W = 



v z w y 



x, y, z, w e 2Z + = {2,4, 6,...}}cV. 



W is a subset vector subspace over the subset T = {2, 4, ..., 00 }. 



Example 2.1.28: Let 



JY a b c 

lU f g 



d l 



a, b, c, d, e, f, g and heZ} 



be the set of all 2 x 4 matrices with entries from the set of 
integers. V is a set vector space over the set S = Z + = {1,2, ..., 
00 }. Take 



W = 




b c 
f g 



d l 

K 



a, b, c, d, e, f, g and h e Z + } c V. 



Clearly W is a subset vector subspace over T = {2, 4, ..., 00 } cr 
S = Z + . 

Now as in case of vector spaces we can have the following 
theorem. 
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THEOREM 2.1.2: Let V be a set vector space over the set S. 
Suppose Wi, ..., W„ be a set of n subset vector subspaces ofV 

n n 

over the same subset T of S. Then either P|WZ = for m is a 

i=l i=l 

subset vector subspace over T or if each W, contains 0 then 

n 

m = (Of the subset vector zero subspace of V over T. 

i=i 

The proof is left as an exercise for the reader as the proof 
involves only simple set theoretic techniques. 

Note: We cannot say anything when the subset vector subspaces 
of V are defined over different subsets of S. We illustrate this 
situation by some more examples. 

Example 2.1.29: Let V = Z + x Z + x Z + be a set vector space 
over a set S = Z + = {1,2, ..., co}. W = {2, 4, 6, 8, ...} x {(j)} x 
{(()} is a subset vector subspace of V over the subset T = {2, 4, 
8, 16, ...}. Wi = {3, 6, 9, ...} x (j) x (j) a V, is a subset subvector 
space over the subset Ti = {3, 3 2 , ...}. Clearly we cannot define 
WnWi for we do not have even a common subset over which 
it can be defined as T n Tj = ij). 

From this example a very natural question is if T n Ti ^ <(> and if 
Wi n W is not empty can we define some new structure. For 
this we make the following definition. 

DEFINITION 2.1.4: Let V be a set vector space over the set S. 
Suppose Wj is a subset vector subspace defined over the subset 
Tj of S for i = 1,2,..., n; n < ooand if nW, ^ f and T = nT t ^ f; 
then we call W to be a sectional subset vector sectional 
subspace of V over T. 

Note: We call it a sectional for every subset vector subspace 
contributes to it. 

We give illustration of the same. 
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Example 2.1.30: Let V = Z + x Z + x Z + x Z + be a set vector 
space over the set Z + = {1, 2, oo}. Let Wi = {2, 4, 6, ...} x 
{2,4,6, . . . } x Z + x Z + be a subset vector subspace over T| = {2, 
4, ..., oo}. W 2 = {Z + } x {2, 4, 6, ...} x Z + x Z + be a subset vector 
subspace over T 2 = {2, 2 2 , ..., oo}. Let W3 = {2, 2 2 , ...,00} x 
{Z + } x {2,4,6, ...} x {2, 2 2 , ...,00} be a subset vector subspace 
over T 3 = {2, 2 3 , 2 5 , ..., oo}. Consider Wi n W 2 n W 3 = {2, 2 2 , 
..., 00} x {2, 4, 6, ...} x {2, 4, 6, ..., oo} x {2, 2 2 , ..., co} = W. 
Now T = T 1 nT 2 nT 3 = {2, 2 3 , 2 5 , W is a sectional subset 
vector sectional subspace of V over T. 

We see a sectional subset vector sectional subspace is a subset 
vector subspace but a sectional subset vector sectional subspace 
in general is not a subset vector subspace. 

We prove the following interesting theorem. 

THEOREM 2.1.3: Every sectional subset vector sectional 
subspace W of set vector space V over the set S is a subset 
vector subspace of a subset of S but not conversely. 



Proof: Let V be the set vector space over the set S. W = n w i 

i=l 

n 

be a sectional subset vector sectional subspace over T = nr 

i=l 

where each W; is a subset vector subspace over T, for i = 1, 2, 
. . ., n with Wi ^ Wj and T ; ^ Tj; for i * j, 1 < i, j < n. We see W 
is a sectional subset vector subspace over T; ; i = 1, 2, . .., n. 

We illustrate the converse by an example. 

Example 2.1.31: Let V = {2, 2 2 , ...} be a set vector space over 
the set S = {2, 2 2 }. Wi = {2 2 , 2 4 , ...} is a subset vector subspace 
of V over the set Ti = {2} and W 2 = {2 3 , 2 6 , ...,00} is a subset 
vector subspace of over the set T 2 = {2 2 }. Now Wi n W 2 * ()) 
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but Ti n T 2 = f We do not and cannot make W , or W 2 as 
sectional subset vector sectional subspace. 

That is why is general for every set vector space V over the set 
S we cannot say for every subset vector subspace W(c V) over 
the subset T(cz S) we can find atleast a subset vector subspace 
Wi(cz V) over the subset T,(c S) such that Wi nW 2 ^ <(> and T 
Hence the theorem 2.1.3. 

Now before we define the notion of basis, dimension of a set S 
we mention certain important facts about the set vector spaces. 

1 . All vector spaces are set vector spaces but not conversely. 

The converse is proved by giving counter examples. 

Take V = Z + = {0, 1,2, V is a set vector space over 

the set S = {2, 4, 6, ..., oo}. We see V is not an abelian group 
under addition and S is not a field so V can never be a vector 
space over S. But if we have V to be a vector space over the 
field F we see V is a set vector space over the set F as for every 
ceF and v e V we have cv e V. Thus every vector space is a 
set vector space and not conversely. 

2. All semivector spaces over the semifield F is a set vector 
space but not conversely. 

We see if V is a semivector space over the semifield F then V is 
a set and F is a set and for every veV and a e F; av e V hence 
V is trivially a set vector space over the set F. 

However take {-1, 0, 1, 2, ..., oo} = V and S = {0, 1} V is a 
set vector space over S but V is not even closed with respect to 
*+’ so V is not a group. Further the set S = {0, 1} is not a 
semifield so V is not a semivector space over S. Hence the 
claim. 

Thus we see the class of all set vector spaces contains both the 
collection of all vector spaces and the collection of all 
semivector spaces. Thus set vector spaces happen to be the most 
generalized concept. 
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Now we proceed on to define the notion of generating set of a 
set vector space V over the set S. 

DEFINITION 2.1.5: Let V be a set vector space over the set S. 
Let B c;V be a proper subset of V, we say B generates V if every 
element v of V can be got as sb for some s e S and b eB. B is 
called the generating set of V over S. 

Example 2.1.32: Let Z + u {0} = V be a set vector space over 
the set S = {1, 2, 4, ..., oo}. The generating set of V is B = {0, 1, 
3, 5, 7, 9, 11, 13, ..., 2n + 1, ...} B is unique. Clearly the 
cardinality of B is infinite. 

Examples 2.1.33: Let V = Z + u {0} be a set vector space over 
the set S = {1, 3, 3 2 , ..., oo}. B = {0, 1, 2, 4, 5, 6, 7, 8, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 28, ..., 
80, 82, ..., 242, 244, ..., 3 6 - 1, ..., 3 6 + 1, ..., oo} c V is the 
generating set of V. 

Example 2.1.34: Let V = {0, 3, 3 2 , ..., 3 n , ...} be a set vector 
space over S = {0, 1, 3}. B = {0, 3} is a generating set for 3.0 = 
0, 3.1 = 3, 3.3 = 3 2 , 3.3 2 = 3 3 soon. 



Example 2.1.35: Let 

a, b, c, d e Z + = {1, 2, ..., oo}} 

be the set vector space over the set S = Z + . The generating set of 
V is infinite. 

Thus we see unlike in vector space or semivector spaces finding 
the generating set of a set vector space V is very difficult. 

When the generating set is finite for a set vector space V we 
say the set vector space is finite set hence finite cardinality or 
finite dimension, otherwise infinite or infinite dimension. 



V = 



a b 
c d 
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Example 2.1.36: Let Z + = V = {1, 2, oo} be a set vector 
space over the set S = {1}. The dimension ofV is infinite. 

Example 2.1.37: Let V = {1, 2, oo} be a set vector space 
over the set S = {1,2, ..., oo} = V. Then dimension of V is 1 and 
B is uniquely generated by {1}. No other element generates V. 

Thus we see in case of set vector space we may have only one 
generating set. It is still an open problem to study does every set 
vector space have one and only one generating subset? 

Example 2.1.38: Let V = {2, 4, 6, . . . } be a set vector space over 
the set S = {1, 2, 3, ...}. B = {2} is the generating set of V and 
dimension of V is one. 

Thus we have an important property enjoyed by set vector 
spaces. We have a vector space V over a field F of dimension 
one only if V = F, but we see in case of set vector space V, 
dimension V is one even if V ^ S. The example 2.1.38 gives a 
set vector space of dimension one where V * S. 

Example 2.1.39: Let V = {2, 4, 6, ..., oo} be a set vector space 
over the set S = {2, 2 2 , ..., oo}. B = {2, 6, 10, 12, 14, 18, 20, 22, 
24, ..., 30, 34, ...} is a generating set of V. 

Now in case of examples 2.1.38 and 2.1.39 we see V = {2, 4, 

. . ., oo } but only the set over which they are defined are different 
so as in case of vector spaces whose dimension is dependent on 
the field over which it is defined are different so as in case of 
vector spaces whose dimension is dependent on the field over 
which it is defined so also the cardinality of the generating set 
of a vector space V depends on the set over which V is defined. 
This is clear from examples 2.1.38 and 2.1.39. 

Now having defined cardinality of set vector spaces we define 
the notion of linearly dependent and linearly independent set of 
a set vector space V over the set S. 
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DEFINITION 2.1.6: Let V be a set vector space over the set S. B 
a proper subset of V is said to be a linearly independent set if x, 
y e B then x ^ sy or y ^ s'x for any s and s' in S. If the set B is 
not linearly independent then we say B is a linearly dependent 
set. 

We now illustrate the situation by the following examples. 

Example 2.1.40: Let Z + = V = {1, 2, co} be a set vector space 
over the set S = {2, 4, 6, ..., oo}. Take B = {2, 6, 12} cz V; B is a 
linearly dependent subset for 12 = 6.2, for 6 e S. B = {1,3} is a 
linearly independent subset of V. 

Example 2.1.41: Let V = {0, 1, 2, ..., oo} be a set vector space 
over the set S = {3, 3 2 , ...}. B = {1, 2, 4, 8, 16, ...} is a linearly 
independent subset of V. As in case of vector spaces we can in 
case of set vector spaces also say a set B which is the largest 
linearly dependent subset of V? A linearly independent subset B 
of V which can generate V, then we say B is a set basis of V or 
the generating subset of V and cardinality of B gives the 
dimension of V. 



2.2 Set Linear Transformation of Set Vector Spaces 

In this section we proceed on to define the notion of set linear 
transformation of set vector spaces. As in case of vector spaces 
we can define set linear transformation of set vector spaces only 
if the set vector spaces are defined over the same set S. 



DEFINITION 2.2.1: Let V and W be two set vector spaces 
defined over the set S. A map T from V to W is said to be a set 
linear transformation if 

T (v) - w 



and 



T(sv) = sw = sT(v) 



for all v £ V, s £ S and w £ W. 
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Example 2.2.1: Let V = Z + = {0, 1, 2, co} and W = {0, 2, 4, 
oo } be set vector spaces over the set S = {0, 2, 2 2 , 2 3 , ...}. 



T: V->W 
T(0) = 0, 

T(l) = 2, 

T(2) = 4, 

T(3) = 6 

and so on. T (2 n p) = 2" (2p) for all p e V. Thus T is a set linear 
transformation from V to W. As in case of vector spaces we will 
not be always in a position to define the notion of null space of 
T in case of set vector spaces. For only if 0 e V as well as W; 
we will be in a position to define null set of a set linear 
transformation T. 

Now we proceed on to define the notion of set linear operator of 
a set vector space V over the set S. 

DEFINITION 2.2.2: Let V be a set vector space over the set S. A 
set linear transformation T from V to V is called the set linear 
operator of V. 

Example 2.2.2: Let V = Z + = {1,2, ..., co} be a set vector space 
over the set S = {1, 3, 3 2 , ..., oo}. Define T from V to V by T(x) 
= 2x for every x e V. T is a set linear operator on V. 

Now it is easy to state that if V is a set vector space over the set 
S and if Os(V) denotes the set of all set linear operators on V 
then Os(V) is also a set vector space over the same set S. 
Similarly if V and W are set vector spaces over the set S and 
T s (V, W) denotes the set of all linear transformation from V to 
W then T s (V,W) is also a set vector space over the set S. For if 
we want to prove some set V is a set vector space over a set S it 
is enough if we show for every s e S and v e V; sv e V. Now 
in case of O s (V) = {set of all set linear operators from V to V}. 
O s (V) is a set and clearly for every s e S and for every T e 
Os(V), sT e O s (V) i.e., sT is again a set linear operator of V. 
Lienee O s (V) is a set vector space over the set S. 
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Likewise if we consider the set T s (V, W) = {set of all set linear 
transformations from V to W}, then the set T s (V, W) is again a 
set vector space over S. For if s e S and T s T s (V, W) we see 
sT is also a set linear operator from V to W. Lienee the claim. 
Now we can talk about the notion of invertible set linear 
transformation of the set vector spaces V and W defined over 
the set S. 

Let T be a set linear transformation from V into W. We say T is 
set invertible if there exists a set linear transformation U from 
W into V such that UT and TU are set identity set maps on V 
and W respectively. If T is set invertible, the map U is called the 
set inverse of T and is unique and is denoted by T '. 

Further more T is set invertible if and only if (1) T is a one to 
one set map that is Ta = T[3 implies a = |3 (2) T is onto that is 
range of T is all of W. 

We have the following interesting theorem. 

THEOREM 2.2.1: Let V and W be two set vector spaces over the 
set S and T be a set linear transformation from V into W. If T is 
invertible the inverse map I" 1 is a set linear transformation 
from W onto V. 

Proof: Given V and W are set vector spaces over the set S. T is 
a set linear transformation from V into W. When T is a one to 
one onto map, there is a uniquely determined set inverse map 
T 1 which set maps W onto V such that T _1 T is the identity map 
on V and TT 1 is the identity function on W. 

Now what we want to prove is that if a set linear 
transformation T is set invertible then T 1 is also set linear. 

Let x be a set vector in W and c a set scalar from S. To 
show 

T _1 (ex) = cT 1 (x). 
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Let y = T _1 (x) that is y be the unique set vector in V such 
that Ty = x. Since T is set linear T(cy) = cTy. Then cy is the 
unique set vector in V which is set by T into ex and so 

T _1 (ex) = cy = c T' 1 (x) 
and T 1 is set linear ! 

Suppose that we have a set invertible set linear transformation T 
from V onto W and a set invertible set linear transformation U 
from W onto Z. Then UT is set invertible and (UT) -1 = T 1 U 
To obtain this it is enough if we verify T 1 U 1 is both left 
and right set inverse of UT. 

Thus we can say in case of set linear transformation; T is 
one to one if and only if Ta = Tp if and only if a = p. 

Since in case of set linear transformation we will not always 
be in a position to have zero to be an element of V we cannot 
define nullity T or rank T. We can only say if 0 e V, V a set 
vector space over S and 0 e W, W also a set vector space over S 
then we can define the notion of ra nk T and nullity T, where T 
is a set linear transformation from V into W. 

We may or may not be in a position to have results of linear 
transformation from vector spaces. 

Also the method of representing every vector space V over 
a field F of dimension nas V = Fx...xF may not be feasible 

n -times 

in case of set vector spaces. Further the concept of 
representation of set linear transformation as a matrix is also not 
possible for all set vector spaces. So at this state we make a note 
of the inability of this structure to be always represented in this 
nice form. 

Next we proceed on to define the new notion of set linear 
functionals of a set vector space V over a set S. 

DEFINITION 2.2.3: Let V be a set vector space over the set S. A 
set linear transformation from V onto the set S is called a set 
linear functional on V, if 

f ■' V —>S 
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f(ca ) = cf (a) 



for all c € S and a e V. 

Example 2.2.3: Let V = {0, 1, 2, co} and S = {0, 2, 4, oo}. 
f : V — » S defined by f(0) = 0, f(l) = 2, f(2) = 4, is a set linear 
functional on V. 

Example 2.2.4: Let V = Z + x Z + x Z + be a set vector space over 
Z + . A set linear functional f : V — > Z + defined by f(x, y, z) = x + 
y + z. 

Now we proceed onto define the new notion of set dual space of 
a set vector space V. 

DEFINITION 2.2.4: Let V be a set vector space over the set S. 
Let L(V,S) denote the set of all linear functionals from V into S, 
then we call L(V,S) the set dual space of V. Infact L( V, S) is also 
a set vector space over S. 

The study of relation between set dimension of V and that of 
L(V, S) is an interesting problem. 

Example 2.2.5: Let V = {0, 1, 2, oo} be a set vector space 
over the set S = {0, 1, 2, oo}. Clearly the set dimension of V 
over S is 1 and this has a unique generating set B = {1}. No 
other proper subset of B can ever generate V. 

What is the dimension of L (V, S)? 

We cannot define the notion of set hyperspace in case of set 
vector space using set linear functionals. We can define the 
concept of set annihilator if and only if the set vector space V 
and the set over which it is defined contains the zero element, 
otherwise we will not be in a position to define the set 
annihilator. 

DEFINITION 2.2.5: Let V be a set vector space over the set S, 
both V and S has zero in them. Let A be a proper subset of the 
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set V, the set annihilator of A is the set A° of all set linear 
functionals f on V such thatf(a) - 0 for every a in A. 



2.3 Set Linear Algebra and its Properties 

In this section we define the new notion of set linear algebra and 
enumerate a few of its properties. 

DEFINITION 2.3.1: Let V be a set on which is defined a binary 
operation “+’ which is closed on V i.e., for every pair a, b in V a 
+ b £ V. S any set we call V to be set linear algebra over S if 
for all s £ S and v £ V, s v £V and s(a+b) - sa + sbfor all a, b 
£ V and s £ S. 

It is interesting and important to note that all set linear algebras 
are set vector spaces but a set vector space is not in general a set 
linear algebra. For we see in case of set vector space V we may 
not have any closed binary operation on the set V. In some cases 
we may not be in a position to define a closed binary operation 
on V. We see on the other hand, a set linear algebra V over the 
set S is such that V is endowed with a closed binary operation 
on it. 

Example 2.3.1: Let V = Z° = {0, 1, 2, ..., go}, Let ‘+’ be the 
operation on V. Suppose S = {0, 2, 4, ..., co}, V is a set linear 
algebra over S. We see s (a + b) = sa + sb, V s e S and for all a, 
beV. 



Example 2.3.2: Let 



V = M, x , = 



^a b 



a, b, c, d, e and feZ + u {0}}. 



M 2 x 3 is a set with addition of matrices as a closed binary 
operation. Take S = {0, 2, 4, ..., oo}. V is a set linear algebra 
over S. 
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Example 2.3.3: Let V = Z + x Z + x Z + = {(a, b, c)| a, b c e Z + }; 
(a, b, c) + (d, e, f) e V. Take S = Z + ; V is a set linear algebra 
over S. 



Now we define the notion of set linear subalgebra of a set linear 
algebra V. 

DEFINITION 2.3.2: Let V be a set linear algebra over the set S. 
Suppose W is a proper non empty subset ofV. IfW itself is a set 
linear algebra over S then we call W to be a set linear 
subalgebra of V over the set S. 

We illustrate this by the following examples. 

Example 2.3.4: Let V = Z + x Z + x Z + x Z + x Z + be a set linear 
algebra over the set S = Z + . Take W = 2Z + xZ x <j> x 2Z + x Z + 
cr V. Clearly W is also a set linear algebra over the set S = Z + . 
Thus W is set linear subalgebra of V over the set S. 

Example 2.3.5: Let V = Z + be a set linear algebra over the set S 
= {2, 4, go} . Take W = {2, 4, 6, 8, ...} c V. W is a set linear 
subalgebra of V. 



Example 2.3.6: Let 



JY a b 

lU e 



a, b, c, d, e, f e Z + } 



be a set linear algebra over the set S = Z + . Take 



W = 




y 

V 



z 

w 



x, y, z, u, v and w e 2Z + } cr V. 



W is also a set linear algebra over the set S = Z + i.e., W is a set 
linear subalgebra of V over the set S. 
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Just like a set vector space a set linear algebra may or may not 
contain the zero. If a set linear algebra contains zero then we 
call it a set linear algebra with zero. Examples 2.3.1 and 2.3.2 
are set linear algebras with zero. It is still important to note that 
a set linear subalgebra may or may not contain the zero element 
even if the set linear algebra is one with zero. 

It is interesting to note that a set linear subalgebra will contain 
zero if and only if the set S over which the set linear algebra is 
defined contains zero. 

Example 2.3.7: Let V = Z + u {0} x Z + u {0} xZ + u {0} be a 
set linear algebra with zero defined over the set S = {0, 2, ..., 
go}. Clearly every set linear subalgebra contains zero as S the set 
over which it is defined contains zero. 

Example 2.3.8: Let V = Z x Z be a set vector space over S = Z + 
= {1, 2, ..., go}. V is a set linear algebra over S. Take W = Z + x 
Z + c V, W is a set linear subalgebra of V over S. V is a set 
linear algebra with zero but W is not a set linear subalgebra with 
zero but W is only a set linear subalgebra of V over S. 

Now we proceed on to define the notion of subset linear 
subalgebra of a set linear algebra over a set S. 

DEFINITION 2.3.3: Let V be a set linear algebra over the set S, 
suppose W is a subset of V and W is a set linear algebra over 
the subset P cp S. Then we call W to be a subset linear 
subalgebra of V over P. 

We can have many subset linear subalgebras over a subset P c 
S. Likewise we can have the same subset W of V to be a subset 
linear subalgebra over different subsets of S. 

We illustrate a few of these situations by examples. 

Example 2.3.9: Let V = Z + x Z + x Z + x Z + be a set linear algebra 
over the set S = Z + = {1,2, ..., go}. Take W = Z + x {<j>} x Z + x 
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{4>} a V W is a subset linear subalgebra over P = {2, 4, 6, ...} 
cS = Z + . 

Take Wj = 2Z + x 2Z + x Z + x Z + c V, Wi is also a subset linear 
subalgebra over P. If W2 = {<)>} x 2Z + x 2Z + x {0} c V. W2 is 
also a subset linear subalgebra over P. However if we take W3 = 
{3, 3 2 , ...} x {1, 3, 3 2 ...} x {(j)} x {(j)} c V. W 3 is not a subset 
linear subalgebra over PcS. However W? is a subset sublinear 
algebra over the set {1,3, 3 2 , . . . } . 

Thus we see in general a subset of V may be a subset linear 
subalgebra over different subsets of S. So we can speak of 
intersection of subset linear subalgebras or set linear subalgebra. 
We may have the intersection to be at times empty. We have to 
overcome all these problems which happen to be challenging. 

Since in case of set linear algebra we have no means to 
associate matrices with set linear operators or set linear 
transformation. 

Now having defined set linear algebra and set linear subalgebra 
we now proceed to give some of its properties. 

The set linear transformation of a set linear algebra would 
be a little different from that of set vector spaces, we define this 
in the following. 

DEFINITION 2.3.4: Let V and W be two set linear algebras 
defined over the same set S. A map T from V to W is called a set 
linear transformation if the following condition holds. 

T(ca + J3) = cT(a) + T(J3) 
for all a. J3 € V and c € S. 

Note: 1. The set linear transformation of set linear algebras 

are defined if and only if both the set linear algebras 
are defined over the same set S. 

2. The set linear transformation of set linear algebras 
are different from the set linear transformation of 
set vector spaces. 

Now we also define the notion of set basis. 
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Set linearly independent set etc are different for set linear 
algebras; as in case of set vector spaces, they are not the same. 
Before we define these notions we just define set linear operator 
of a set linear algebra. 

DEFINITION 2.3.5: Let V be a set linear algebra over the set S. 
T be a map from V to V which is a set linear transformation, 
then T is defined to be a set linear operator on V. 

Example 2.3.10: Let V = Z + x Z + x Z + be a set linear algebra 
over the set Z + = S. Define T: V — » V by T (x, y, z) = (x + y, y, 
x - z). T is set linear operator on V. 



Example 2.3.11: Let 
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ll d e 



a,b,c,d,e,f eZ + u{0}L 



V is a closed set under the binary operation matrix addition. Let 
S = Z + u {0} . V is a set linear algebra over the set S. 
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e V; 

[d e fj 

T is a set linear operator on V. 

We see the concept of set vector spaces and set linear 
algebras will find its application in coding theory. They can be 
used to give best type of cryptosystems. 

Now having defined set linear operators of a set linear algebra V 
over the set S we ask the reader to find out whether the set of all 
set linear operators of V, a set linear algebra over S. What is its 
dimension if V is a set linear algebra of dimension n? 
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Presently we proceed on to define yet a particular form of vector 
spaces which are different from set vector spaces, vector spaces 
and semivector spaces in the following section. 

2.4 Semigroup Vector Spaces and their Generalizations 

In this section for the first time we proceed on to define a new 
notion of semigroup vector spaces. Clearly from the definition 
the reader will be able to follow all semigroup vector spaces 
will be set vector spaces and not vice versa. Further all vector 
spaces and semivector spaces will be semigroup vector spaces 
and not conversely. We in this section define these new notions 
and illustrate them by examples. 

DEFINITION 2.4.1: Let V be a set, S any additive semigroup 
with 0. We call V to be a semigroup vector space over S if the 
following conditions hold good. 

1. sv € V for all s £ S and v eV. 

2. 0. v = 0 € V for all v € V and 0 e S; 0 is the zero 
vector. 

3. (si + S 2 ) v - Si v + S 2 v 
for all si, S 2 e S and v £ V. 

We illustrate this by the following examples. 

Examples 2.4.1: Let V = (Z + u {0}) x 2Z + u {0} x (3Z + u {0}) 
be a set and S = Z + u {0} be a semigroup under addition. V is a 
semigroup vector space over S. 

Example 2.4.2: Let 

a i a 2 a 3 a 4 

a 5 a 6 a 7 a 8 y 




i eZ + u{0};l<i<8 
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be a set. Suppose S = 2Z + u {0} be a semigroup under addition. 
V is a semigroup vector space over S. 

Example 2.4.3: Let V = 3Z + u {0} be a set and S = Z + u {0} be 
a semigroup under addition. V is a semigroup vector space over 
S. 

Example 2.4.4: Let V = {(1 0 0 0 1), (1 0 1 1 1), (0 1 1 1 1), (1 
1 1 1 1), (0 0 0 0 0), (0 1 0 1 0)} be a non empty set. S = {0, 1} 
a semigroup under addition 1 + 1 = 1. V is a semigroup vector 
space over S. 

Example 2.4.5: Let V = {(1 1 1 1 1 1), (1 0 1 0 1 0), (1 1 1 0 0 
0), (0 0 1 1 0 0), (0 0 0 0 0 0), (0 1 0 1 0 1)} and S = {0, 1} a 
semigroup under *+’ with 1 + 1=0 then V is a semigroup 
vector space over S. 

Example 2.4.6: Let V = Z\ 2 = {0, 1, 2, ..., 11} be a set. V is a 
semigroup vector space over the semigroup S = {0,1} under 
addition modulo 2. 

Example 2.4.7: Let V = 5Z + u {0} be a semigroup vector space 
over the semigroup S = Z + u {0}. 

Example 2.4.8: Let {Z + u {0}} [x] be a semigroup vector space 
over S = Z + u{0}.S,a semigroup under addition. 

Example 2.4.9: Let 
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a,b e S = {0} uZ + 
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be a semigroup vector space over the semigroup Z + u {0}. 

Example 2.4.10: Let V = Z [2 x Zi 2 x Z !2 , the set of triples 
modulo 12. Suppose S = {0, 3, 6, 9} is a semigroup under 
addition modulo 12. V is a semigroup vector space over the 
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semigroup S, sv = Vi(mod 12) i.e., if 6 e S and v = (5, 2, 7); sv 
= (6, 0, 6) = vj g V. 



Now we proceed on to define the notion of independent subset 
and generating subset of a semigroup vector space over the 
semigroup S. 

DEFINITION 2.4.2: Let V be semigroup vector space over the 
semigroup S. A set of vectors {v h ..., v,J in V is said to be a 
semigroup linearly independent set if 



(i) Vi^svj 

for any s € S for i ^ j; 1 < i, j < n. 

We first illustrate this by some examples before we proceed to 
define the generating set of a semigroup vector space. 

Example 2.4.11: Let V = Z n = {0, 1, 2, 11} be the set of 

integers modulo 12. S = {0, 1} be the semigroup under addition 
modulo 2. V is a semigroup vector space over the semigroup S. 
T = {1,2, . . ., 11} is a linearly independent subset of V. 

It is interesting and important to note that always all subsets of 
an independent set is also an independent set of V. 

Example 2.4.12: Let V = Z + u {0} be a set. S = {0, 2, 4, ...} be 
a semigroup under addition. Take T = {2, 2 5 , 2 9 , ..., co} cV.T 
is not an independent subset of V. Now take P = {3, 9, 27, ...} 
c V. P is an independent subset of V. Infact every subset of P is 
also an independent subset of V. 

We now proceed on to define the notion of generating subset of 
a semigroup vector space V over a semigroup S. 

DEFINITION 2.4.3: Let V be a semigroup vector space over the 
semigroup S under addition. Let T = {vj, ..., vj c:V be a subset 
of V we say T generates the semigroup vector space V over S if 
every element v of V can be got as v = sv iy v, z T; s € S. 
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We now illustrate this situation by the following example. 

Example 2.4.13: Let V = 3Z + u {0} be a semigroup vector 
space over the semigroup S = Z + u {0}. Take T= {3} cV;T 
generates V over S. 

Example 2.4.14: Let V = Z 2 o = {0, 1, 2, 19} integers 

modulo 20. S = {0, 5, 10} be the semigroup under + modulo 20. 

V is a semigroup vector space over S. T = {1, 2, 3, 4, 6, 7, 8, 9, 
11, 12, 13, 14, 16, 17, 18, 19} is a generating set of V. 

Example 2.4.15: Let V = Z 2 o = {0, 2, 4, 6, ..., 18} integers 
modulo 20. S = {0, 1 } be the semigroup under addition modulo 
2. V is a semigroup vector space over the semigroup S. Take the 
set T = {2, 4, 6, 8. . . 18} c V; T is a generating subset of V. 

Example 2.4.16: Let V = Z 20 = {0, 1, ..., 19} integers modulo 
20. Let S = {0, 10} be a semigroup under addition modulo 20. V 
is a semigroup vector space over the semigroup S. T = {1, 2, 3, 
4, 5, 6, 7, 8, 9, 11, 12, 13, 14, 15, 16, 17, 18, 19} cVisa 
generating set of V over S. 

Thus we see from the above examples the generating set of V is 
highly dependent on the semigroup S over which it is defined. 
Further nothing can be said about the dimension of V. 

In the above cases when |V| = 20, we see the dimension of 

V is < 20 and nothing more so we can say, that is if |V| = n < go 
then dimension of V is less than n and nothing more i.e., V is 
finite dimensional. 

Now it is left as an exercise to find out that the generating set of 
semigroup vector space is also an independent subset of V. 

DEFINITION 2.4.4: Let V be a semigroup vector space over the 
semigroup S. Suppose P is a proper subset of V and P is also a 
semigroup vector space over the semigroup S, then we call P to 
be semigroup subvector space of V. 

We now illustrate this situation by the following examples. 
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Example 2.4.17: Let V = (Z + u {0}) x (Z + u {0}) x (2Z + 
u {0}) be a semigroup vector space over the semigroup S = Z + 
u {0} , under addition. Take W = Z + u {0} x {0} x {0} c V; 
W is also a semigroup vector space over S and we see W is a 
semigroup subvector space of V over S. 

Example 2.4.18: Let 
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be a semigroup vector space over the semigroup S = {Z + 
u {0}}. Take 



W = 




a 2 

0 



a,GZ + u{0}l 

1 < i < 3 J 



cV; 



W is a semigroup vector subspace of V over S. 

Example 2.4.19: Let V = {Q u {0}} be a semigroup vector 
space over the semigroup S = Z + u {0}. Take W = 2Z + u {0}, 
W is a semigroup sub vector space of V over S. 

Example 2.4.20: Take V = {(1 1 0 1 0), (0 0 0 0 0), (1 1 1 1 1), 
(1 0 1 0 1), (0 1 1 1 0), (0 0 0), (0 1 1), (0 1 0), (1 0 1)} be a set. 
V is a semigroup vector space over the semigroup S = {0, 1 } 
under addition 1 + 1 = 1. 

Take W = {(1 0 1), (0 1 1), (0 0 0), (0 1 0)} cV;Wisa 
semigroup subvector space over the semigroup S = {0, 1}. In 
fact every subset of V with the two elements (0 0 0) and or (0 0 
0 0 0) is a semigroup subvector space over the semigroup S = 
{ 0 , 1 }. 

Example 2.4.21: Let V = Z + u {0} be a semigroup vector space 
over the semigroup S = Z + u {0} under *+’. The dimension of V 
is one and the generating set of V is {1}. Take W = {2Z + 
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u {0}} cV is a semigroup subvector space over S. The 
dimension of W is also one given by the set {2}. This is only 
possible when we have semigroup vector spaces V over the 
semigroup S or set vector spaces over the set S. In fact V has 
infinite number of semigroup vector subspaces defined in the 
semigroup S = Z + u {0}. 

Now we proceed on to define the new notion of semigroup 
linear algebra over the semigroup. 

DEFINITION 2.4.5: Let V be a semigroup vector space over the 
semigroup S. If V is itself a semigroup under '+’ then we call V 
to be a semigroup linear algebra over the semigroup S, if s (vj + 
v 2 ) = svj+ sv 2 ; Vi, v 2 e V and s € S. 

We illustrate this definition by examples before we proceed to 
study their properties. 

Example 2.4.22: Let V = (Z + u {0}) be a semigroup under 
addition S = {2Z + u {0} } also a semigroup under addition. V is 
a semigroup linear algebra over S. Also S is a semigroup linear 
algebra over V. 

Example 2.4.23: Let V = (Z + u {0}) x (Z + u {0}) x (Z + u {0}) 
be a semigroup under addition of elements component wise. S = 
Z + u {0} be a semigroup under addition. V is a semigroup 
linear algebra over S. Clearly S is not a semigroup linear 
algebra over V. Only in example 2.4.22 it so happened that V 
was a semigroup linear algebra over S and S happened to be a 
semigroup linear algebra over V. 

Now we proceed on to give more examples of semigroup linear 
algebra. 

Example 2.4.24: Let 

1 < i < 6 1 



V = 



V a 4 a 5 * 6 J 



a ; eZ + u{0}; 
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be a semigroup under matrix addition. S = Z + u {0} a 
semigroup under *+’. Clearly V is a semigroup linear algebra 
over S. 



Example 2.4.25: Let 




a, eZ + u{0} 



be a semigroup under addition. V is a semigroup linear algebra 
over the semigroup S = Z + u {0}. 

Example 2.4.26: Let V = Q + u {0} be a semigroup under ‘+\ V 
is a semigroup linear algebra over the semigroup S = Z + u {0} 
under usual addition. 



We observe the following important properties. 

THEOREM 2.4.1: Every semigroup linear algebra is a 
semigroup vector space and a semigroup vector space in 
general is not a semigroup linear algebra. 

Proof: We see every semigroup linear algebra over a 
semigroup is obviously a semigroup vector space over a 
semigroup. Hence the claim. However we prove the converse 
using only a counter example. 

Consider the semigroup vector space V = {(0 1 0 0), (0 0 0 
0), (0 0 1 1), (0 0 0 1), (0 0 0), (1 1 1), (1 0 1)} over the 
semigroup S = {0, 1} under addition with 1 + 1 = 1. We see V is 
not a semigroup. But V is a semigroup vector space over S and 
not a semigroup linear algebra over S. Hence the theorem. 

Another property about semigroup linear algebra V over the 
semigroup S is that all linear algebras and semilinear algebras 
are semigroup linear algebras. Thus the notion of semigroup 
linear algebras are a more generalized concept. However all 
semigroup linear algebras are set linear algebras and not 
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conversely. Thus we have examples to show that set linear 
algebras are not semigroup linear algebras. 

For instance take the following example. 

Example 2.4.27: Let V = {0, 1, 2, ..., co} be a set. Take S = {0, 
1, 3, 5, ...}, S is not a semigroup under addition it is only a set. 
Clearly V is a set linear algebra over S for V is an additively 
closed set. We see V is not a semigroup linear algebra as S can 
never be a semigroup even if V is a semigroup under addition. 

Thus the class of all semigroup linear algebras is a subset of 
the class of all set linear algebras. 

Now we proceed on to define the substructure properties and 
transformations on semigroup linear algebras. 

DEFINITION 2.4.6: Let V be a semigroup linear algebra over 
the semigroup S. Suppose P is a proper subset of V and P is a 
subsemigroup of V. Further if P is a semigroup linear algebra 
over the same semigroup S then we call P a semigroup linear 
subalgebra of V over S. 

We now illustrate this by some examples before we enumerate 
some of its properties. 

Example 2.4.28: Let 

V = (Z + u {0}) x (Z + u {0}) x (3Z + u {0}) 

= {(x, y,z)/x,yeZ + u {0} and z e 3Z + u {0} } 

be a semigroup under component wise addition. Take S = Z + u 
{0}, the semigroup under addition. V is a semigroup linear 
algebra over S. Take W = {(3Z + u {0}) x {0} x (3Z + u {0})} 
c V. W is a semigroup linear subalgebra of V over S. Take P = 
{Z + u {0}} x {0} x {0}, P is also a semigroup linear subalgebra 
of V over S. 

However {0, 2, 2 2 , 2 3 , ...} x {0} x {0} is not a semigroup 
linear subalgebra over S. 
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Example 2.4.29: Let 



V = 



V a n+1 
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be a semigroup under matrix addition. S = Z + u {0} be the 
semigroup under addition. V is a semigroup linear algebra over 
S. Let 



W = 



V a n+1 



*2n J 



a „ + p’"> a 2n gZ + u{0} CV, 



W is a semigroup linear subalgebra over S. 

Example 2.4.30: Let V = 2Z + u {0} be a semigroup under 
addition. S = {2Z + u {0}} is a semigroup V = S. V is a 
semigroup linear algebra over S. 

Example 2.4.31: Let V = {(Z + u {0}) x (3Z + u {0}) x (5Z + 
u {0}) x (7Z + u {0})} be a semigroup linear algebra over the 
semigroup S = Z + u {0}. Take W = {0} u (3Z + u {0}) x {0} x 
{0} c V, W is a semigroup linear subalgebra of V over S. V has 
infinite number of semigroup linear subalgebras. 

Example 2.4.32: Let V = (Z + u {0}) x (4Z + u {0}) x (Q + 
u {0}) be a semigroup linear algebra over S = Z + u {0}. This 
V too has infinite number of semigroup linear subalgebras. 

Now as in case of semigroup vector spaces we can define the 
basis and the generating set of a semigroup linear algebra with a 
small difference. B = {vi, ..., v n } cz V is an independent set if 

m 

V; ^ svj; i ^ j for some s e S and v k ^ ^SjV; ; i < k < n; m < n, 

i=l 

Si e S. 
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We say B is a generating subset of V if B is a linearly 
independent set and every element veV can be represented as 

n 

v= ^a.v, ; a, e S; 1 <i<n. 

i=l 

Example 2.4.33: Let V = 2Z + u {0} be a semigroup linear 
algebra over the semigroup S = Z + u {0} . The set B = {2} is a 
generating set of V and the number of elements in B is one thus 
V is set dimension 1 over S. 

Example 2.4.34: Let V = {Z + u {0}} x {Z + u {0}} x {Z + 
u {0} } be a semigroup linear algebra over the semigroup S = Z + 
u {0}. V is a generated by the set B = {(100), (010), (001)} 
and V is of dimension three over S. 

Example 2.4.35: Let V = {Q + u {0}} be the semigroup linear 
algebra over the semigroup Z + u {0}= S. V is an infinite 
dimensional semigroup linear algebra over S. 

Example 2.4.36: Let V = {Q + u {0}} be a semigroup linear 
algebra over the semigroup S = {Q + u {0}}. V is generated by 
the set B = {1} and dimension of V is 1 over S = Q + u {0}. 

Example 2.4.37: Let 
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be a semigroup linear algebra over the semigroup Z + u {0} = S. 
Then V is generated by 
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and dimension of V over S is four. This is the unique subset of 
V which generates V over S and no other subset of V can 
generate V. 

Example 2.4.38: Let V = Z + u {0} be a semigroup linear 
algebra over the semigroup S = 2Z + u {0}. B = {1} is a 
generating subset of V as 1 e V, 2.1 e V and 2+1 e V as V is 
a semigroup. 

Thus we see dimension of V over S = 2Z + u {0} is also 1. If we 
consider S as a semigroup vector space over V then dimension 
of V is not 1 and the generating subset of V is not {2}. 

Example 2.4.39: Let V[x] = {all polynomials in the variable x 
with coefficients from the set Z + u {0}}, V[x] is a semigroup 
under addition. V[x] is a semigroup linear algebra over the 
semigroup S = {Z + u {0}}. Clearly B = {1, x, x 2 , x 3 , ..., co} is 
the generating subset of V[x] and the dimension of V[x] is 
infinite over S. 

Example 2.4.40: Let P[x] = {all polynomials of degree less than 
or equal 7 in the variable x with coefficient from Z 1 u{0}}. 
P[x] is a semigroup under polynomial addition. Let S = Z + u 
{0} be a semigroup under addition. P[x] is a semigroup linear 
algebra over the semigroup S. Let B = {1, x, ..., x 7 } czP[x]; B 
generates P[x] and dimension of P[x] is 8. 

Now having seen examples of semigroup linear algebra and 
their dimension we now proceed on to define the notion of 
subsemigroup subvector spaces of semigroup vector spaces and 
subsemigroup linear subalgebra of semigroup linear algebra. 

DEFINITION 2.4.8: Let V be a semigroup vector space over the 
semigroup S. Let P crV be a proper subset of V and T a 
subsemigroup of S. If P is a semigroup vector space over T then 
we call P to be a subsemigroup subvector space over T. 

We now illustrate this situation by the following example. 
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Example 2.4.41: Let V = Z + u {0} xZ + u {0} be a semigroup 
vector space over the semigroup S = Z + u {0}. Let P = {2Z + 
u {0} x {0}} c V and T = 2Z + u {0} subsemigroup under 
addition. P is a subsemigroup subvector space over T = 2Z + 
u{0}cS 

Example 2.4.42: Let V = (3Z + u {0} x 5Z + u {0} x 7Z + u {0} 
x 2Z + u {0}) be a semigroup vector space over the semigroup S 
= Z + u{0}. 

Let P = {{0} x 5Z + u {0} x {0} x {0}} cV. P is a 
subsemigroup subvector space over the subsemigroup T = 5Z + 
u {0} c S. 

Example 2.4.43: Let V[x] = {set of all polynomials in the 
variable x with coefficients from Z + u {0}}. Let P [x] = {set of 
all polynomials of even degree with coefficients from Z + 
u{0}}cV [x], P [x] is a subsemigroup subvector space over 
the subsemigroup T = 2Z + u {0}. 

Example 2.4.44: Let V = {(0 0 0), (1 1 1), (0 0 1), (1 0 0), (1 1 
0)} be a set which is a semigroup vector space on the semigroup 
S = {0, 1}, under addition such that 1 + 1 = 1. Let P = {(0 0 0), 
(1 0 0)}. P is a subsemigroup subvector space over the set T = 
{!}• 

In fact every subset of V with (0, 0, 0) is a subsemigroup 
subvector space over the set T = { 1 } which is a subsemigroup of 
S under addition. 

Now we proceed on to define the notion of semigroup linear 
subalgebra of a semigroup linear algebra. 

DEFINITION 2.4.9: Let V be a semigroup linear algebra over 
the semigroup S. Let P crV be a proper subset of V which is a 
subsemigroup under '+’. Let T be a subsemigroup of S. If P is a 
semigroup linear algebra over the semigroup T then we call P 
to be a subsemigroup linear subalgebra over the subsemigroup 
T. 
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Note: A subsemigroup linear subalgebra is different from the 
notion of semigroup linear subalgebra. Also a semigroup linear 
subalgebra is not a subsemigroup linear subalgebra. 

We now proceed onto describe them with examples. 



Example 2.4.45: Let 
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be a semigroup linear algebra over the semigroup S = Z + 
u {0}. Let 



P = 




*12 / 



a; e2Z + u{0};l<i<12 



be a semigroup under matrix addition, P a proper subset of V. T 
= {2Z + u {0}} the proper subsemigroup of S. P is a 
subsemigroup linear subalgebra of V over T. 

Example 2.4.46: Let {(100), (000), (010), (001), (111), (110), 
(011), (101)} = V be a semigroup under addition modulo 2. Let 
Z 2 = {0,1} be the semigroup under addition modulo 2. V is a 
semigroup linear algebra over Z 2 = {0,1} we see V has no 
subsemigroup linear subalgebras. 

Now we are interested in studying and defining such algebras. 

DEFINITION 2.4.10: Let V be a semigroup linear algebra over 
the semigroup S. If V has no subsemigroup linear subalgebras 
over any subsemigroup of S then we call V to be a pseudo 
simple semigroup linear algebra. 

In fact we have a large class of such semigroup linear algebras. 
Further these classes of semigroup linear algebras find their 
applications in coding theory. 
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Example 2.4.47: Let V = {(00), (10), (01), (1 1)} be a semigroup 
S = Z 2 = {0,1} modulo addition 2. We see V is a pseudo simple 
semigroup linear algebra. 

Example 2.4.48: Let V = {(0000), (1111), (1100), (0011)} be a 
semigroup linear algebra over Z 2 = {0,1 } = S. V is also a pseudo 
simple semigroup linear algebra. (V is a semigroup under 
addition modulo 2). 

Example 2.4.49: Let V the 2 n elements of the form {(000... 0) 
(10. ..0), ..., (Oil 111 ... 1) (111 ... 1)}. V is a semigroup linear 
algebra over Z 2 = {0,1} the semigroup under addition, (n > 2). 
V is a pseudo simple semigroup linear algebra. (V is a 
semigroup under addition modulo 2). 

Now having seen a very large class of pseudo simple linear 
algebras we now proceed on to define the notion of pseudo 
simple group subvector spaces in a semigroup linear algebra 
which are not semigroup linear subalgebras. 

DEFINITION 2.4.11: Let V be a semigroup linear algebra over a 
semigroup S. Suppose V has a proper subset P which is only a 
semigroup vector space over the semigroup S and not a 
semigroup linear algebra then we call P to be the pseudo 
semigroup subvector space over S. 

We illustrate this situation by the following examples. 

Example 2.4.50: Let V = {all polynomials of degree n with co- 
efficient from Z + u {0}}. V is a semigroup linear algebra over 
the semigroup S = Z + u {0}. V is also a semigroup under 
addition of polynomials. 

P = {ax + b, px 3 + dx + e, qx 9 + rx 2 + s / a, b, p, d, e, q, r, s e Z + 
u {0}}; P is just a set, P is a semigroup vector space over S. 
However P is not a semigroup linear algebra over S. So P is a 
pseudo semigroup subvector space of V. 
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Example 2.4.51: Let 



M 2 x 2 ~ 



b^ 

v c d j 



a,b,c,d e Z + u {0} 



be a semigroup under matrix addition. M 2x 2 is a semigroup 
linear algebra over the semigroup S = Z + u {0}. 

Take 



P = 



v 



a b 
0 0 



0 0 

j v d e / 



a,b,c,d e P 



P is only a pseudo semigroup subvector space over S. We see P 
is not closed under matrix addition. 



Example 2.4.52: Let 



V = 



V a 4 a 5 



a ; e Z + u {0} 






V is a semigroup under matrix addition. V is a semigroup linear 
algebra over the semigroup S = Z + u {0}. Take P 



0 a 2 ^ ( 0 b 0 



I v a 3 



b,c,d,a,,a 2 ,a 3 ,a 4 e 2Z + u {0} 



P a V but P is not a semigroup under matrix addition. Thus P is 
only a pseudo semigroup subvector space over S. 

Now we proceed on to define the new notion of pseudo 
subsemigroup vector subspace of a semigroup linear algebra. 

DEFINITION 2.4.12: Let V be a semigroup linear algebra over 
the semigroup S. Let P be a proper subset of V and P is not a 
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semigroup under the operations ofV. Suppose T c;S, a proper 
subset of S and T is also a semigroup under the same operations 
of S; i.e., T a subsemigroup of S, then we call P to be a pseudo 
subsemigroup subvector space over T if P is a semigroup vector- 
space over T. 

We illustrate this situation by the following examples. 

Example 2.4.53: Let 

V=jf a i 32 ^ 

|v a 5 a 7 

be the semigroup under matrix addition. Let S = if u {0} a 
semigroup under addition. V is a semigroup linear algebra over 
S. Take P 



a ; sZ + u{0};l<i<! 



f a, 0 0 0 ^ 



ya 2 0 0 0 



0 0 



J V 0 0 C 2 



0 ^ 

0 



a 1 ,a 2 ,c 1 ,c 2 eZ + u{ 0} cV. 



P is just a subset of V and P is not closed under matrix addition. 
Take T = 2Z + u {0}, T is a subsemigroup of S. Clearly P is a 
semigroup vector space over T, hence P is a subsemigroup 
pseudo subvector space over T. 



Example 2.4.54: Let V 5 = {(Z + u {0}) [x], i.e., set of all 
polynomials of degree less than or equal to 5 with coefficients 
from the semigroup S = Z + u {0}}. V5 is a semigroup linear 
algebra over the semigroup S. Take P5 = {ax 2 + bx + c, px 3 + d, 
qx 4 + e/ a, b, c, p, d, q and e e Z + u {0} }. Clearly P 5 is only a 
proper subset of V 5 . P 5 is not closed under the polynomial 
addition, so P 5 is not a semigroup. Take T = 3Z + u {0} c S = 
{Z + u {0}}. T is a semigroup under addition. Thus P5 is a 
semigroup vector space over the semigroup T. P 5 is the pseudo 
subsemigroup vector subspace of V5. 
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An important natural question would be that will every 
semigroup linear algebra have a pseudo subsemigroup vector 
subspace. The answer is no. We prove this by the following 
example. 

Example 2.4.55: Consider the semigroup Z 2 [x] of all 
polynomials with coefficients from the field Z 2 under 
polynomial addition. Z 2 [x] is a semigroup linear algebra over 
the semigroup Z 2 . 

Take P = {all polynomials x 3 + 1, x 5 + 1,..., x n + 1, n e Z + }, 
P is only a proper subset of Z 2 [x], P is not a closed set under 
polynomial addition. P is in fact a pseudo semigroup subvector 
space of Z 2 [x]. Now Z 2 has no proper subsemigroups other than 
the trivial {0} semigroup. So P is not a pseudo subsemigroup 
subvector space of Z 2 [x], 

Thus we see every semigroup linear algebra need not 
contain a pseudo subsemigroup vector subspace. 

In fact we have a class of such semigroup linear algebras which 
we state in the form of theorem. 

THEOREM 2.4.1: Let Z p [x] be the collection of all polynomials 
with coefficient from the prime field Z p of characteristic p. Z p [x] 
is a semigroup under polynomial addition. Further Z p is also a 
semigroup under addition modulo p. Z p [x] is a semigroup 
linear algebra over Z p . In fact Z p [x] has no subsemigroup 
linear subalgebras and Z p [x] has no pseudo subsemigroup 
subvector spaces. 

Proof: Given Z p [x] is a semigroup linear algebra over the 
semigroup Z p = {0, 1, ..., p - 1}. Clearly Z p has no 
subsemigroups other than {0} and itself. So Z p [x] cannot have 
any non trivial subsemigroup linear subalgebras or pseudo 
subsemigroup vector subspaces. It can have only the {0} to be 
both these structure over {0}. 

Now in view of this we define two new algebraic structures. 
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DEFINITION 2.4.13: Let V be a semigroup linear algebra over 
the semigroup S. If V has no subsemigroup linear algebras over 
subsemigroups of S then we call V to be a simple semigroup 
linear algebra. 

We have non trivial classes of simple semigroup linear 
algebras given by the example. 

Example 2.4.56: Let 



a ,j eZ p ;l<i<n;i< j<mf • 



This is a simple semigroup linear algebra. (m=n) can also occur. 
We see M nxm is taken only as a semigroup under matrix 
addition. 

Example 2.4.57: Let V = Z p x ... x Z p = {(x b . . ., x n ) / x ; e Z p / 
1 < i < n}, V is a semigroup under addition. V is also a 
semigroup linear algebra which is a simple semigroup linear 
algebra. 

In fact both these semigroup linear algebras do not contain any 
proper pseudo subsemigroup subvector spaces. In view of all 
these we can have the following theorem before which, we just 
recall the definition of a simple semigroup. A semigroup S is S- 
simple if S has no proper subsemigroups. The only trivial 
subsemigroups of S being {0} or ()> and S itself. 

THEOREM 2.4.2: Let V be a semigroup. S a semigroup such that 
it is S-simple. If V is a semigroup linear algebra over S then V is 
a simple semigroup linear algebra over S. 

Proof: Given V is a semigroup linear algebra over the 
semigroup S. Also it is given the semigroup S has no proper 
subsemigroups i.e., {0} and S are the only subsemigroups of S 
which are trivial. So if W cV; W cannot be a subsemigroup 



M„ 



V a nl 



nm / 
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linear subalgebra over any TcS,Ta subsemigroup of S. Hence 
the claim. 

Now we proceed on to define the new notion of pseudo simple 
semigroup linear algebra. 

DEFINITION 2.4.14: Let V be a semigroup under addition and S 
a semigroup such that V is a semigroup linear algebra over the 
semigroup S. If V has no proper subset P ( c:V) such that V is a 
pseudo subsemigroup vector subspace over a subsemigroup, T 
of S then we call V to be a pseudo simple semigroup linear 
algebra. 

We illustrate this situation by the following examples. 

Example 2.4.58: Let V = Z 5 [x] be the collection of all 
polynomials with coefficients from Z 5 , Z 5 a semigroup under 
addition modulo 5. V is semigroup linear algebra over the 
semigroup Z 5 . Z 5 has no proper subsemigroups. Hence for any 
subset P of V; P cannot be a pseudo subsemigroup vector 
subspace. Hence V is a pseudo simple semigroup linear algebra. 

Example 2.4.59: Let 

V = M 3 x 5 = |(a ij )|a ij e Z 7 ; l<i<3;l<j<5} 

be a semigroup under matrix addition modulo 7, with entries 
from Z 7 . S = Z 7 be the semigroup under addition modulo 7. V is 
a semigroup linear algebra over Z 7 . Z 7 has no proper 
subsemigroup. So for any subset P of V, P is not a pseudo 
subsemigroup vector subspace of V. So V is a pseudo simple 
semigroup linear algebra over Z 7 . 

We prove the following interesting theorem. 

THEOREM 2.4.3: Let V be a semigroup , S a S- simple semigroup 
i.e. S has no subsemigroups other than { 0 j or (f> or S. V be the 
semigroup linear algebra over S. V is a pseudo simple 
semigroup linear algebra over S. 
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Proof: Given V is a semigroup linear algebra over the 
semigroup S, where S is a S-simple semigroup, i.e., S has no 
proper subsemigroups. So for any subset P of V, P cannot be a 
subsemigroup algebraic structure. In particular P cannot be 
subsemigroup subvector space of V. So V is a pseudo simple 
semigroup linear algebra over S. 

Now we proceed onto define the notion of linear transformation 
of semigroup linear algebras defined over the same semigroup 
S. As in case of linear algebra transformation where both the 
linear algebras must be defined over the same field we see in 
case of semigroup linear algebras to have a linear 
transformation both of them must be defined over the same 
semigroup S. 



DEFINITION 2.4.15: Let V and W be any two semigroup linear 
algebras defined over the same semigroup, S we say T from V to 
W is a semigroup linear transformation ifT(ca + j3) = cT (a) + 
T {P)for all c € S and a, ft g V. 

It is left, as an exercise to the reader to prove the set of all 
semigroup linear transformations from V to W is a semigroup 
linear algebra over S with composition of maps as the operation. 

Now we give few examples of semigroup linear algebras 
defined over the same semigroup S. 



Example 2.4.60: Let 



V = 



a 2 A 
V a 3 a 4 J 



a ; e Z + u {0};1 < i < 4 



be the semigroup under addition of matrices. S = Z + u {0} is a 
semigroup under addition. V is a semigroup linear algebra over 
S = Z + u {0}. Let W = {P x P / P = Z + u {0}}, W is a 
semigroup under component-wise addition. W is a semigroup 
linear algebra over S. Define T from V into W by 
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T 



f f o o \A 

a i a 2 

VV a 3 a 4y 



= (a t + a 2 ,a 3 + a 4 ) . 



T is a semigroup linear transformation ofV to W. 

Example 2.4.61: Let V and W be as in example 2.4.60. Define 
T \ from W into V by 



Ti (x, y) = 



^x y^ 






for all (x, y) £ P x P. 

Prove T is a semigroup linear transformation from W into 
V. 

Now we proceed onto define a new notion of semigroup linear 
operators. 

DEFINITIONS 2.4.16: Let V be a semigroup linear algebra over 
the semigroup S. A map T from V to V is said to be a semigroup 
linear operator on V if T (cu + v) - cT (u) + T (v) for every c € 
S and u, v e V. 

The reader is left with the task of proving the collection of all 
semigroup linear operators on V is again a semigroup linear 
algebra over S. 

We now illustrate this situation by the following examples. 

Example 2.4.62: Let V = {set of all 2 x 3 matrices with entries 
from S}, be a semigroup under matrix addition. V is a 
semigroup linear algebra on the semigroup S = Z + u {0}. 

Define T: V — > V by 



T 


" a i 


a 2 






>4 


a 5 


a 6 / _ 
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7 o 


3-j + &2 


o 2 


a 1 ,a 2 ,a 4 ,a 5 ,a 6 eZ + u{0} 


v a 4 


0 


a 5+ a 6 y 





T is a semigroup linear operator on V. 

Example 2.4.63: Let V = PxPxPxP where P = Z + u {0} be 
a semigroup linear algebra over the semigroup S = Z + u {0}. 
Define T (x, y, z, w) = (x + y, y + z, z - w, x - w) for every 
v = (x, y, z, w) e V. T is a semigroup linear operator on V. 

Example 2.4.64: Let V = PxPxPbea semigroup linear 
algebra over the semigroup S = 2Z + u {0}, where P = Z + 
u {0}. Define T: V — >■ V by T (x, y, z) = (y, z, x). Prove T is a 
semigroup linear operator which is one to one and invertible. 

Example 2.4.65: Let V = {all polynomials of degree less than or 
equal to 7 with coefficients from the semigroup S = Z + 
u {0}}. V is a semigroup under polynomial addition. V is a 
semigroup linear algebra over S. Define T : V — > V by T (x) = 
x 2 , T (x 2 ) = x 3 , . . ., T (x 6 ) = x ; i.e., T(x n ) = x n+1 if 1 < n < 5 and 
T(x 6 ) = x. Is T a 1 - 1 invertible semigroup linear operator on 
V?. 

Now we define yet another new type of semigroup linear 
operator on a semigroup linear algebra V over the semigroups. 

DEFINITION 2.4.17: Let V be a semigroup linear algebra over 
the semigroup S. Let W cr V be a subsemigroup linear algebra 
over the semigroup P, P a proper subsemigroup of S. Let T : V 
—>W be a map such that T (av + u) = T( a ) T(v) + T(u) for all 
u, v € V and T (a) e P. We call T a pseudo semigroup linear 
operator on V. 

We first illustrate this situation by the following example. 
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Example 2.4.66: Let V = P x P x P where P = Z + u {0} be a 
semigroup linear algebra over the semigroup S = Z + u {0}. Let 
W = 2Z + u {0} x {2Z + u {0}} x {2Z + u {0}} be a subset of V 
and W be a subsemigroup linear subalgebra over the 
subsemigroup L = 2Z + u {0}. Let T: V — » W be defined by 
T(au + v) = 2a (2u) + 2v, T is a pseudo linear operator on V. 

We call this map T to be a pseudo projection. 

We just give the definition of semigroup projection of a linear 
algebra. 

DEFINITION 2.4.18: Let V be a semigroup linear algebra over 
the semigroup S. Let W be a semigroup linear subalgebra of V 
over S. Let T be a linear operator on V. T is said to be a 
semigroup linear projection on W if 

T(v) - w, w £ W 

and 

T (an + v) - aT (u) + T (v) 

T (v) and T (u) £W 



for all a £ S and u, v £ V. 

We illustrate this situation by the following example. 

Example 2.4.67: Let V = PxPxPxP where P = Z + u {0}, V 
a semigroup linear algebra over the semigroup P = Z + u {0}. 
Let W = 2Z + u {0} x {2Z + u {0}} x {0} x {0} cVbea 
semigroup linear subalgebra of V over P. Define T : V — > V by 
T (x, y, z, w) = (2x, 2y, 0, 0). Clearly T is a semigroup linear 
projection of V onto W. 



Example 2.4.68: Let 



V = 



f *\ a 2 a 3 a 4^ 
V a 5 a 6 a 7 a 8 J 



a t eZ + u{0};l<i<! 
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be a semigroup linear algebra over the semigroup S = Z + 

u {0}. 

Let 



W = 



a, a. 



a. 



a, 



V 



0 0 0 0 



a, e 2Z + u {0} ; 1 < i < 4 > cV; 



W is a semigroup linear subalgebra of V. Define T : V — > V by 



Y a i a 2 a 3 a Y 


\ 


2 2a, 


2a,, 


2a 3 


2a 4 4 


v v a 5 a 6 a 7 a 8y. 


/ 


v 0 


0 


0 


o J 



Clearly T is a semigroup linear operator on V which is a 
semigroup linear projection ofV into W. 

Example 2.4.69: Let V = P[x] where P = Z + u {0}, i.e., all 
polynomials in the variable x with coefficients from P. V is a 
semigroup linear algebra over P. 

Let W = {all polynomials of even degree with coefficients 
from P} cV; W is a semigroup linear subalgebra over P. 
Define a map 

T : V ->• W 
by 

T (otix) = ai(x 2 ) , 

T (a 2 x 2 ) = a 2 x 4 , 

T (a n x n ) = a n x 2n 

; 1 < n < co. 

T is clearly a semigroup linear operator which is a 
semigroup linear projection ofV into W. 



Now having defined the notion of semigroup linear projection 
we proceed on to define semigroup projection of semigroup 
vector spaces. 



DEFINITION 2.4.19: Let V be a semigroup vector space over the 
semigroup S. Let Wc r V be a semigroup vector subspace of V. A 
linear operator on V is said to be a semigroup projection of V 
into W if T: V —>W i.e., T (v) = w for every v € V and w € W. 
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We illustrate this situation by the following example. 
Example 2.4.70: Let 



Jf a i a 2 '• 


• a 5 Uo 0 • 


•• 0" 


a i'bj gZ + u {0};| 


o 

o 


0 y v b, b 2 


b 5. 


l<i,j<5 J 



be a semigroup vector space over the semigroup S = Z + u {0}. 
Let 



W = 



a, g 2Z + u{0};l<i<5 



: V 



0 0 ••• 0 

be a semigroup subvector space of V. Let T: V — > V defined by 



and 





f a i ' 


•• a, 2 ] 




f a. • 




T = 














lo • 


" °J 




to • 


•• oJ 



T 



O 

o 


•• 0^ 




"0 


0 • 




l b l b 2 • 


b 5y 




v0 


0 • 





then T is a semigroup projection of V on W. 

We give yet another example of the semigroup projection of the 
semigroup vector spaces. 

Example 2.4.71: Let V = {0, 1, 3, 5, 7, ..., (2n + 1)} be a 
semigroup vector space over the semigroup S = {0, 1 } where 1 
+ 1 = 1. Let W = {0, 3, 3 2 , ...} c V, W is a semigroup vector 
subspace of V. Let T be a semigroup linear operator on V 
defined by T(x) = x if x is of the form 3 n . T(x) = 0 otherwise. T 
is a semigroup linear operator on V, which is a semigroup linear 
projection of V on W. 
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Now we proceed onto define direct union of semigroup vector 
subspaces of a semigroup vector space. 

DEFINITION 2.4.20: Let V be a semigroup vector space over the 
semigroup S. Let Wi, W n be semigroup vector subspaces ofV 
ifV- UW, and W, n Wj = (j>or {0j, if i ^ j then we say V is the 
direct union of the semigroup vector subspaces of the 
semigroup vector space V over S. 



We illustrate this situation by some examples. 



Example 2.4.72 



V = 




a 2 

0 



Let 



\ 


"0 


0 


0^ 


9 | 

/ 


V b ! 


b : 


b 32 



a ; , b j g Z + u {0} ; 1 < i < 3 



be a semigroup vector space over the semigroup S = Z + u {0}. 
Take 



and 



Wi = 



w 2 = 



fr a j a 2 a 3 " 

llo 0 oj 

\(0 0 0 " 
jib, b 2 b 3y 



a, g Z + 



b; G Z + 



u {0} ; 1 < i < 3 



u{0};l<i<3 



be semigroup vector subspaces of V over the semigroup S. 
Clearly V = W t u W 2 and 



W,nW 2 = 



"0 0 0 " 
v° 0 °/ 



Thus V is the direct union of vector subspaces over the 
semigroups. 
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Example 2.4.73: Let 



V = 



' 












/ „ 


_ \ 




'a 


b3 




" a i 


a 2 


*0 




a i 


a 4 






v C 


d; 


9 


v a 4 


a 5 


a 6. 


9 


a 2 


a 5 












v a 3 


a 6y 





a,b,c,d,a ; gZ + u { 0}; 
1 < i < 3 



V is a semigroup vector space over the semigroup S = {Z + u 
{0}}. Take 



Wi = 




b' 

d . 



a,b,c,d e Z + u {0} > , 



Wi is a semigroup vector subspace of V. 

;l<i<6 



is a semigroup vector subspace of V over S. 





" a l 


a 4 " 




w 3 = ■ 


a 2 


a 5 


a t <=Z + u{0};l<i<6 




v a 3 


a 6. 





is a semigroup vector subspace of V over the semigroup S. Thus 
V = W,uW 2 uW 3 with W; n Wj = <(> if i =£ j, 1 < i, j < 3. 
Hence V is a direct union of vector subspaces of the semigroup 
vector space V. 

Example 2.4.74: Let V = {3Z + u {0}, 2Z + u {0}, 5Z + u {0}, 
. . nZ + u {0} / 2 < n < co} be a semigroup vector space over the 
semigroup S = Z + u {0} . Let Wi = 2Z + u {0}, W 2 = (3Z + u 
{0}}, W n = (n + 1) Z + u {0}. 2 < n < co be a semigroup 
vector subspaces of V or S. 



W 2 : 



/a i a 2 



V a 4 a 5 a 6 J 



a, eZ + u{0} 
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Clearly V = 1JW; but Wj n Wj * <|) or {0} so V is not a 

i-l 

direct union of semigroup vector subspaces of V. 

In view of this we define yet another new notion called 
pseudo direct union of semigroup vector subspaces of a 
semigroup vector space. 

DEFINITION 2.4.21: Let V be a semigroup vector space over the 
semigroup S. Let W ), .... W„ be a semigroup subvector spaces of 

n 

V over the semigroup S. If V - IJ W I but W, n Wj ^ f or { 0 } ifi 

;=i 

& j then we call V to be the pseudo direct union of semigroup 
vector spaces of V over the semigroup S. 

We illustrate this situation by the following example. 

Example 2.4.75: Let 







where ai, a 2 , a 3 , a 4 e 2Z + u {0}, bi, b 2 , b 3 , b 4 e 3Z + u {0}, Ci, 
c 2 , c 3 , c 4 G 5Z + u {0}, di, d 2 , d 3 , d 4 e 7Z + u {0}, y u y 2 , y 3 , y 4 
g 11Z + u {0} and Xi, x 2 , x 3 , x 4 g 19Z + u {0}} be the 
semigroup vector space over the semigroup S = Z + u {0}. 

Let 

a! a^ 

a 3 a 4 y 



a t g 2Z + u {0} ; 1 < i < 4 
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w 2 = 



'b, 




vb 3 


bj 



b; e3Z + u{0};l<i<4 



and 



W 3 



w 4 = 



w 5 



w fi = 





o 


v c 3 


C 4 j 


'd. 


d2 l 




d 4 J 


= | 


f yi 


1 


v y 3 


N 


x 2 ^ 


V X 3 


X 4 J 



Cj g 5Z + u{0}; 1< j<4 



dj e ?Z + u{ 0};1 < j < 4 



y k ellZ + u{0} 



x, el9Z + u{0};l<i<4 



be semigroup vector subspaces of V over the semigroup S = Z + 

u {0}. 

Clearly V = U W t we see W ; n Wj * <(> or {0}, i ^ j, 1 < i, j 

i-l 

< 6. So V is the pseudo direct union of semigroup subvector 
spaces over S. 

Now we proceed onto define the new notion of direct sum of 
semigroup linear subalgebras of a semigroup linear algebra over 
a semigroup S. 

DEFINITION 2.4.22: Let V be a semigroup linear algebra over 
the semigroup S. We say V is a direct sum of semigroup linear 
subalgebras Wi, ..., W„ of V if 

1. V = W, + ... + W„ 

2. WinWj = {0} or f if i ^ j (1 <i,j<n). 

We first illustrate this situation by the following example. 
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Example 2.4.76: Let V = PxPxPxPbea semigroup linear 
algebra over P = {0} u Z + . Let Wi = P x {0} x {0} x {0}, W 2 = 
{0} x P x {0} x {0}, W 3 = {0} x {0} x P x {0} and W 4 = {0} x 
{0} x {0} x P be the semigroup linear subalgebras of V. Clearly 
V = Wi + W 2 + W 3 + W 4 and W ; n Wj = {0} if i * j. 

We see this way of representation in general is not unique. 
For if we take Wf = {0} x P x {0} x {P} and W 2 ' = {P} x {0} x 
P x {0} we get V = Wf + W 2 ' and Wf nW 2 ' ={0} thus V is also 
a direct sum of Wf and W 2 '. Thus the direct sum in general is 
not unique. 

We give yet another example. 

Example 2.4.77: Let 



V = < 


a \ 

a 4 


a 2 a 3^ 

a 5 a 6 




a t g Z + u {0} and 1 < i < 9 




V a 7 


a 8 a 9y 







be a semigroup linear algebra over the semigroup S = Z + u {0}. 
Let 



a t 0 



W. 



0^ 

0 



0 a 



9 V 



a t ,a 5 and a, e Z + u {0} 



V 



be a semigroup linear subalgebra of V. Take 



W 2 = 



^0 a, a 3 



0 0 
0 0 



a 2 ,a 3 ,a 6 eZ + u {0} 



: V, 



W 2 is also a semigroup linear subalgebra of V. Suppose 
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w 3 = 



( 0 0 0 ^ 

a 4 0 0 

a„ 0 



V a 7 



a 4 ,a 7 ,a 8 eZ + u {0} 



c=V: 



W 3 a semigroup linear subalgebra of V. Then we see V = Wi + 
W 2 + W 3 with 



Wi n Wj = 



(0 0 0 ^ 
0 0 0 
v o 0 o y 



ifi^j. 



Thus V is a direct sum of Wi, W 2 , W 3 of V. We see this is not 
the only way of representing V. For take 



P, = 



a, 0 0 



0 0 0 
0 0a 






a 15 a 9 g Z + u{0}cV 



is a semigroup linear subalgebra of V. 



P 2 = 



0 a 2 0 
a 4 0 a 6 
0 0 0 



a 2 , a 4 , a 6 e Z + u{0} 



is a semigroup linear subalgebra of V over S = Z + u {0}. 
Take 



P 3 = 



0 0 a 3 

0 a 5 0 

0 0 0 



a 3 , a 5 s Z + u{0} 



cV 



is a semigroup linear subalgebra of V. 
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p 4 = 



f 0 0 0 A 

0 0 0 

a 0 0 



V a 7 



a 7 , a 8 s Z + u{0} 



: V 



is a semigroup linear subalgebra of V. We see V = Pi + P 2 + P3 
+ P 4 with 



Pi n Pj = 



"0 0 
0 0 

v° 0 



0" 

0 

0, 



i*j 1 < i,j < 4 . 



Thus V is a direct sum of semigroup linear subalgebras over the 
semigroup Z + u {0}. 

Thus we see there exists more than one way of writing the 
semigroup linear algebra as the direct sum of semigroup linear 
subalgebras. 

A semigroup linear algebra is said to be strongly simple if it 
cannot be written as a direct sum of semigroup linear 
subalgebras and has no proper semigroup linear subalgebra. 
Clearly the class of semigroup linear algebras V = Z p = {0, 1, 
..., p - 1}; p a prime over S = Z p = V are strong simple for in 
the first place they do have any semigroup linear subalgebras 
and it cannot be written as direct sum . All simple semigroup 
linear algebras are strongly simple however it is left as an open 
problem for the reader to find whether strongly simple implies 
simple. 



2.5 Group Linear Algebras 

Next we proceed onto define yet another new special class of 
linear algebras called group linear algebras and their 
generalizations group vector spaces. In this section we also 
enumerate a few of its properties. 
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DEFINITION 2.5.1: Let V be a set with zero, which is non empty. 
Let G be a group under addition. We call V to be a group vector- 
space over G if the following condition are true. 

1. For every v eV and g e G gv and vg € V. 

2. O.v - Ofor every v eV, 0 the additive identify of G. 

We illustrate this by the following examples. 

Example 2.5.1: Let V = {0, 1, 2, 15} integers modulo 15. G 

= {0, 5, 10} group under addition modulo 15. Clearly V is a 
group vector space over G, for gv = Vi (mod 15), for g e G and 
V, Vi G V. 

Example 2.5.2: Let V = {0, 2, 4, ..., 10} integers 12. Take G = 
{0, 6 }, G is a group under addition modulo 12. V is a group 
vector space over G, for gv = Vi (mod 12) for g e G and v, Vi e 
V. 

Example 2.5.3: Let 



ly 4 a 5 

Take G = Z be the group under addition. M 2 x 3 is a group vector 
space over G = Z. 

Example 2.5.4: Let V = ZxZxZ = {(a, b,c)/a,b,ceZ}.V 
is a group vector space over Z. 

Example 2.5.5: Let V = {0, 1} be the set. Take G = {0, 1} the 
group under addition modulo two. V is a group vector space 
over G. 

Example 2.5.6: Let 






a;G {- 00 ,. ..,-4, —2, 0,2, 4,. ,.,oo} 
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1, 


"o r 




fl 


n 




fl 


0^ 




0 




fl 


0^ 




"0 0" 


l 1 


v 0 0j 


9 


v0 




9 


vl 




9 | 


vl » J 


9 


v0 


ij 


9 | 


vl 0, 



"0 0^ 




o 


1 


v» ij 


9 


o 


i 



be set. Take G = {0, 1} group under addition modulo 2. V is a 
group vector space over G. 



Example 2.5.7: Let 



V = 

"0 

V b l 




a 2 . 


•• O 




"0 0 .. 


.. 0" 


0 . 


.. 0 j 


9 


v 0 0 .. 


.. o y 



a ; ,bj g Z; 1 < i < n 



be the non empty set. Take G = Z the group of integers under 
addition. V is the group vector space over Z. 

Example 2.5.8: Let 



rr a i 


0 




0" 


"0 


0 ... 


0" 


"0 


b, 0 .. 


. 0" 


ll a 2 


0 






’ v« 


0 ... 


0/ 


1° 


b 2 0 .. 


• oJ 




"0 


0 




0 




a i' bjv 


..., t 


eZ; 


1 < i < 2 ! 






v° 


0 








7 1 


J 





be the set of 2 x n matrices of this special form. Let G = Z be 
the group of integers under addition. V is a group vector space 
over Z. 



Example 2.5.9: Let 



V = 




V a 3 



0^ 
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"0 


0^ 




"0 


0" 


J 




°J 


9 I 


v0 


^4 J 





be the set. Z = G the group of integers V is a group vector space 
over Z. 

Now having seen examples of group vector spaces which 
are only set defined over an additive group. 



Example 2.5.10: Let V = {(0 1 0 0), (1 1 1), (0 0 0), (0 0 0 0), 
(1 1 0 0), (0 0 0 0 0), (1 1 0 0 1), (1 0 1 1 0)} be the set. Take Z 2 
= G = {0, 1} group under addition modulo 2. V is a group 
vector space over Z 2 . 

Example 2.5.11: Let 







" a l 


a 2 


a 2 ' 




fbi 


0 


o' 




"0 


Cl 


O' 




"0 


0 a'."! 


V = • 




0 


0 


0 




b 2 


0 


0 




0 


c 2 


0 




































0 


0 a' 2 






,0 


0 


o. 




yb 3 


0 


0, 






c 3 


0, 




2 / 



"0 0 0 " 

0 0 0 , 

V° 0 °y 



"0 0 
v° 0 



0" 

0 , 



a t b; c ; e Z; a' 15 a' 2 e Z;1 < i < 3 



be the set, Z = G the group under addition. V is just a set but V 
is a group vector space over Z. 

It is important and interesting to note that this group vector 
spaces will be finding their applications in coding theory. 

Now we proceed onto define the notion of substructures of 
group vector spaces. 

DEFINITION 2.5.2: Let V be the set which is a group vector 
space over the group G. Let P crV be a proper subset of V. We 
say P is a group vector subspace of V if P is itself a group 
vector space over G. 
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Example 2.5.12: Let 



V = 



0 O' 
0 0, 



V 



ctj 3^2 

0 0 



OVO a 2 VO 



0 0 



0 0 



v a i 



°1 

a 2 y 



3j , 3-2 ^ 2] / 



be the set. V is a group vector space over the group G = Z the 
group of integers under addition. Take 



P = 



'0 O' 
0 0, 



a 



a„ 



1 “2 

0 0 



f 0 0^1 



v a l 



a,,a 2 eZ cV 



*2 j\ 



P is a group vector subspace of V over Z. It is important and 
interesting to note that every proper subset of V need not be a 
group vector subspace of V. Take 



T = 



ff a i a 2^ 


9 I 


"o 

o 


\ 


o 

o 




l a l °) 


/ 



cV. 



T is not a group vector subspace of V it is only a set and has no 
additional properties. 

Example 2.5.13: Let V = {(1 1 0 0 1), (0 0 0 0 0), (1 0 0 1 0), 
(0 0 0), (1 1 1), (1 1 1 1), (0 0 0 0), (1 1 0 0), (1 0 0 1)} be a 
proper set. Take G = {0, 1} be a group under addition modulo 2. 
V is a group vector space over G. P = {(1 1 0 01), (0 0 0 0 0)} c 
V; P is a group vector subspace of V over G. 

P x = {(0 0 0), (1 1 1 )}cV, 

Pi is also a group vector subspace of V over G. 

T = {(1 1 1), (110 0)} c V, 

T is not a group vector subspace of V over G. 

Example 2.5.14: Let 

e Z; 1 < i < 4 ) 



V = 



V a,'' 

V a 3 a 4 J 
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be a group vector space over the group G = Z. Let 



P = 




b 4 y 



bj e 2Z; 1 < i < 4 ^ c V . 



P is a group vector subspace over G. 

We now define the notion of linearly independent subset of a 
group vector space. 

DEFINITION 2.5.3: Let V be a group vector space over the 
group G. We say a proper subset P of V to be a linearly 
dependent subset ofV if for any p lt p 2 e P, (pi Gp 2 ) Pi = ap 2 or 
P2 = a'pifor some a, a' e G. If for no distinct pair of elements 
Pi, p 2 £ P we have a, a i g G such that pi - ap 2 or p 2 = a 2 pi 
then we say the set P is a linearly independent set. 



We now illustrate this situation by some examples. 

Example 2.5.15: Let 

^ f 0 ol fo o v 



V = 



0 0 



V a i a 2V 



0 0 



a 15 a 2 eZ 



be the group vector space over the group of integers Z. Take 
v 2 4Wl 2) (6 12^1 f 5 10 N ' 



P = 



0 0 



0 0 



0 0 



0 0 



V: 



P is a linearly dependent subset in V over Z. Take 

ih iwo o n ' 



T = 



0 0 



1 1 
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T is a linearly independent subset of V over Z. 



Ti = 



r\ O 

v o o y 



f \ 6^ 
v 0 0 y 



f 2 3 ^ 

v 0 0 y 



V. 



Ti is a linearly dependent set over Z. 

7 1 H (4 6'' 



T 2 = 



0 0 



0 0 



V, 



T is a linearly independent set over Z. 

An observation which is important and interesting is that both T 
and T 2 are linearly independent subsets of V but both of them 
are distinctly different in their behaviour. To this end we 
proceed onto define the notion of a generating subset of a group 
vector space V over the group G. 

DEFINITION 2.5.4: Let V be a group vector space over the 
group G. Suppose T is a subset of V which is linearly 
independent and ifT generates V i.e., using t € T and g e V we 
get every v e V as v = gt for some g e G then we call T to be 
the generating subset of V over G. The number of elemen ts in V 
gives the dimension ofV. IfT is of finite cardinality V is said to 
be finite dimensional otherwise V is said to be of infinite 
dimension. 

We illustrate this situation by the following example. 

Example 2.5.16: Let V = P = {(1 1 0 0), (0 0 0 0), (0 0 0 1), (1 1 
1), (0 1 1), (0 1 0), (0 0 0)} be the given set. V is a group vector 
space over the group G = Z 2 = {0, 1 } addition modulo 2. Take T 
= {(1 1 0 0), (0 0 0 1), (1 1 1), (0 1 1), (0 1 0)cV;V is linearly 
independent set and dimension of V is 5 as T generates V. 

It is important to note that no proper subset of T will 
generate V. Thus T is the only generating set of V and 
dimension of V is 5. 
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Example 2.5.17: Let 



1 , 


o 

o 




' a l 


a r 


a. e zl 


I' 


l a l a J 




1 ° 


oj 


1 



V is a group vector space over the group Z. 



T = 



'i r 
o o 



"0 0\\ 

J u iJj 



is the generating set of V and no other set can generate V. Thus 
the group vector space V is of dimension two over Z. Clearly T 
is a linearly independent set. 

Example 2.5.18: Let 



[ 


^a, a 2 ' 




o 

o 


1 


H 


v0 o, 


9 


y a i a 2y 


a p a 2 g Zj 



V is a group vector space over the group Z. Take 



T = 





"1 O' 




"0 f 




"o 




'o 


1 




o. 


9 


o. 


9 


ll °J 


9 


lo ij 


i 



T is a linearly independent subset of V but T is not a generating 
subset of V. Take 





f\ n 




"0 o' 




'1 O' 




"o r 


"0 o' 


"0 o' 


1 




v0 0 y 


9 


,1 K 


9 


o. 


9 


0, 


ll 


lo K 


J 



Ti is a linearly independent subset of V but T is not the 
generating subset of V over Z. In fact V cannot be generated 
over Z by any finite subset of V. Thus dimension of V over Z is 
infinite. 

Take 
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p = 





"0 0" 




"0 o' 




' l T 




"2 5' 




vl 2 y 


9 


7, 


9 


o. 


9 


o. 



'2 23 








"5 03 


\ 


v 0 0 j 


9 


o' 

o 


9 | 


v 0 0) 


1 



V. 



P is a linearly independent subset of V but not a generating 
subset of V over Z. 

Take 





"0 O' 




"0 o' 




"7 O' 




"1 O' 


1 




vl 2 y 


9 


v3 6, 


9 


o. 


9 


o. 


I 



S is not a linearly independent subset of V over Z. 

Example 2.5.19: Let V = ZxZxZ = {(xi x 2 x 3 ) | x; e Z; 1 < i < 
3}, V is a group vector space over Z. V is of infinite dimension 
over Z. Take T = {(1 1 0), (1 1 0), (0 0 1), (1 0 0), (0 1 0), (0 1 
1)} c V is a linearly independent subset of V but T cannot 
generate V over Z. Take Ti = {(1 1 1), (5 7 8), (7 8 1), (0 0 1)} 
c V. Ti is again a linearly independent subset of V but not a 
generating subset of V over Z. Take W = Z x {0} x {0} cz V to 
be the group vector subspace of V over Z. If T = {(1 0 0)} cz W 
is the generating subset of W over Z and dimension of W over Z 
is 1. Suppose U = Z x Z x {0} c V; U is a group vector 
subspace of V over Z. 

Ti = {(1 1 0), (0 1 0), (1 0 0)} cz V is a linearly independent 
subset of U but Ti cannot generate U. In fact no finite subset of 
U can generate U. Thus the group vector subspace U of V is of 
infinite dimension over Z. Thus the group vector space V over Z 
has both group vector subspaces of finite and infinite dimension 
over Z. 

Example 2.5.20: Let V = {(a a a a) | a e Z) be a group vector 
space over the group Z. Take T = {(1 1 1 1)} c V. T is the 
generating subset of V. In fact dimension of V over Z is one. 
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Further if we take W = {<(5 5 5 5))} c V. W is a proper 
subset of V and W is a proper group vector subspace of V 
generated by the set <(5 5 5 5)) and dimension of W is also one. 
Thus V is a group vector space over Z of dimension one. W = 
{(x, x, x, x) | x g 5Z } c V is also of dimension one over Z but 
W is a proper group vector subspace of V. 

It is still interesting to note that V has infinite number of 
proper group vector subspaces of dimension one. Take S = {(x x 
x x )> (y y y y) I x e 2Z and y g 3Z} c V. S is a subset of V, V is 
of dimension one over Z. But S is a proper group vector 
subspace of V over Z and dimension of S over Z is two. The 
generating proper subset of S which generates S is given by T t 
= {(2 2 2 2 ), (3 3 3 3)} c S. Tj is a linearly independent subset 
of S and generates S over Z. 

Thus it is still interesting and important to note that a one 
dimensional group vector space over the group has proper group 
vector subspaces of dimension greater than one. This sort of 
situations can occur only in case of group vector spaces. 

This looks as if one cannot algebraically comprehend but 
concrete examples confirm the statement and establish it. In fact 
this one dimensional group vector space has proper group vector 
subspaces of infinite dimension also. 

For take Si = {(x n , x n , x n , x n ) | x n a prime} cr V. Thus 

Si = {<(2 2 2 2)>, <(3 3 3 3)>, <(5 5 5 5)), ... } cV. 

Thus Si is generated by 

T= {(2 2 2 2), (3 3 3 3), (5 5 5 5), ..., (p p p p), ... p, a prime}. 

Clearly, cardinality of T is infinite. Thus V = {(x x x x) | x g Z} 
is of dimension one as it is generated by {(1 1 1 1)} but it has a 
proper group vector subspace S i which is of infinite dimension 
as number of primes in Z is infinite. 

Now having seen such types of group vector spaces we proceed 
onto give more examples of infinite dimensional group vector 
spaces. 
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Example 2.5.21: Let V = {R x R x R, R reals} be a group 
vector space over the group Z. V is infinite dimensional. Let W 
= {(x x x) | x e Z} c V be a proper subset of V, W is a finite 
dimensional group vector subspace of V. In fact T = {(1 1 1)} is 
the generator of W and W is of dimension one over Z. 

Thus we see an infinite dimension group vector space can 
have as group vector subspaces of dimension one. Thi s is a case 
just opposite to the case given in the earlier example where a 
one dimensional group vector space can have infinite 
dimensional group vector subspaces. 

Now we proceed onto define yet another new type of 
substructures in a group vector space called the subgroup vector 
subspaces and illustrate them with examples. 

DEFINITION 2.5.5: Let V be a group vector space over the 
group G. Let W c:V be a proper subset ofV.HcrGbea proper 
subgroup of G. If W is a group vector space over H and not 
over G then we call W to be a subgroup vector subspace of V. 

Example 2.5.22: Let V = Z 6 x Z 6 x Z 6 be a group vector space 
over Z 6 . W = {(2 2 2), (0 0 0), (1 1 1), (4 4 4)} c V. W is a 
subgroup vector subspace over the subgroup {0, 2, 4}=Hc Z 6 . 
Clearly W is not a vector subspace over Z 6 as 3 (1 1 1) = (3 3 3) 
g W. 

We give yet another example of subgroup vector subspace over 
a subgroup of the group over which it is defined. 

Example 2.5.23: Let V = Z n x Z\ 2 x Z i2 be a group vector 
space over the group G = Z 12 . Take H = {0, 6}. Let W = {(1 1 
1), (2 2 2), (6 6 6), (0 0 0), (3 3 3), (4 4 4)} c V. W is a 
subgroup vector subspace over the subgroup H. Clearly W is 
not a group vector subspace over Z )2 . 

Now it may so happen that a subset W may be a group vector 
subspace as well as subgroup vector subspace. We call in this 
situation W to be a duo subgroup vector subspace. 
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DEFINITION 2.5.6: Let V be a group vector space over the 
group G. Let W cr V. If W is a subgroup vector subspace over a 
proper subgroup, H of G as well as W is a group vector 
subspace of V over G then we call W to be the duo subgroup 
vector subspace of V. 

We illustrate this with some examples before we proceed onto 
describe a few of its properties. 

Example 2.5.24: Let V = Z i2 x Z, 2 x Z i2 be the group vector 
space over the group G = {0, 2, 4, 6, 8, 10}. Let W = {0} x Z 12 
x {0} c V. W is a group vector subspace of V. Clearly W is 
also a subgroup vector subspace over H = {0, 6} a subgroup of 
G. Suppose S = {(0 0 0), (1 1 1), (6 6 6)} cz V. S is a subgroup 
vector subspace over H = {0, 6}. Clearly S is not a group vector 
subspace over G. 

In view of this we prove the following theorem. 

THEOREM 2.5.1: Let V be a group vector space over the group 
G. If W is a group vector subspace of V then W need not be a 
subgroup vector subspace of V for some subgroup H of G. 

Proof: We illustrate this situation by examples. Let V = Z [2 x 
Zi 2 x Zi 2 x Zi 2 be a group vector space over the group G = Z J2 . 
W = Z )2 x {0} x {0} x Z 12 cz V, W is a group vector subspace of 
V. W is also a subgroup vector subspace of V for every 
subgroup H of G. V = Zn x Zn is a group vector space over the 
group Zn. W = Zn x {0}, W is only a group vector subspace of 
V and not a subgroup vector subspace of V as Zn has no proper 
subgroups. Thus V has no subgroup vector subspaces. 
Conversely we have the following theorem. 

THEOREM 2.5.2: Let V be a group vector space over a group G. 
Suppose S crV is a subgroup vector subspace of V then S need 
not in general be a group vector subspace of V. 

Proof: We prove this theorem only by a counter example. Let V 
= Zio x Zio x Zio x Zio be a group vector space over the group 
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Z 10 . Take S = {(1 1 1 1), (0 0 0 0), (5 5 5 5)} c V. S is a 
subgroup vector subspace of V over the subgroup H = {0, 5} c= 
Zio. Clearly S is not a group vector subspace of V over Z l0 as 
for 3 g Z 10 , 3 (1 1 1 1) = (3 3 3 3) g S. Hence the claim. 

Thus a subgroup vector subspace of a group vector space V 
in general need not be a group vector subspace of V. 

THEOREM 2.5.3: Let V be a group vector space over the group 
G if W c V is a duo subgroup vector subspace of V then W is 
both a group vector subspace of V as well as W is a subgroup 
vector subspace of V. 

Proof: The proof follows from the very definition of duo 
subgroup vector subspaces. 

It may so happen we may find group vector spaces which 
has no subgroup vector subspaces over a proper subgroup. We 
define them in the following. 

DEFINITION 2.5.7: Let V be a group vector space over the 
group G. Suppose V has no subgroup vector subspaces then we 
call V to be a simple group vector space. 

We first illustrate this situation by the following examples. 

Example 2.5.25: Let V = Z 7 x Z 7 x Z 7 be a group vector space 
over the group Z 7 . Since Z 7 has no proper subgroups under 
addition; V cannot have any subgroup vector subspaces. Thus V 
is a simple group vector space over Z 7 . 

Example 2.5.26: Let V = Z 5 x Z 5 be a group vector space over 
the group G = Z 5 . V is a simple group vector space over Z 5 . 

Example 2.5.27: Let V = {(1 1 1 1), (0 0 0 0), (1 0 1 1 0), (0 0 0 
0 0), (1 1 0 0 1), (1 1 1), (0 0 0), (1 0 0), (0 1 1)}; V is a group 
vector space over the group Z 2 = {0, 1}. Clearly V has no 
proper subset which can be subgroup vector subspace of V i.e., 
V is a simple group vector space. 

In view of the above examples we have the following theorem. 
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THEOREM 2.5.4: Let V be a group vector space over a group G 
which has no proper subgroups then V is a simple group vector- 
space over G. 

Proof: Obvious from the fact that the group G has no proper 
subgroup for a proper subset W to be a subgroup vector 
subspace; we need a proper subgroup in G over which W is a 
group vector space. 

If G has no proper subgroup the existence of subgroup 
vector subspace is impossible. 

Now we show we have a large class of simple group vector 
spaces. 

Theorem 2.5.5: Let 

V= Z n X... xZ„ 

P P , 

v v ' 

n-times 

be a group vector space over the group Z p where p is a prime 
i.e., Z p is a group under addition modulo p. V is a simple group 
vector space. 

Proof: Clear from the fact that Z p has no proper subgroups. 
Hence the claim. 

Next we proceed on to define the notion of semigroup vector 
subspace of the group vector space V over G. 

DEFINITION 2.5.8: Let V be a group vector space over the 
group G. Let W cr V and S cr G where S is a semigroup under 
If W is a semigroup vector subspace over S then we call W 
to be pseudo semigroup vector subspace of V. 

We illustrate this by some examples. 

Example 2.5.28: Let V = Z x Z x Z be a group vector space 
over Z. W = Z + u {0} x Z + u {0} x {0} c V. W is a semigroup 
vector space over the semigroup S = Z + u {0} c= Z. Thus W is a 
pseudo semigroup vector subspace of V. 
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Example 2.5.29: Let 



V = 



[fa b l 

[U d . 



a,b,c,d e Z 



be a group vector space over the group Z. 
( a b^ I 



W = 



v c d y 



a,b,c,deZ u{0} 



is a subset of V and W is a semigroup vector subspace over S = 
Z + u {0}. Thus W is a pseudo semigroup vector subspace of V. 

Example 2.5.30: Let V = {(1 1 0), (0 0 0), (0 1 1), (1 0 1), (0 0 
1)} be a group vector space over the group Z 2 = {0, 1}. Clearly 
V has no pseudo semigroup vector subspace. 

Example 2.5.31: Let V = Z 5 x Z 5 x Z 5 x Z 5 be a group vector 
space over Z 5 ; V has no pseudo semigroup vector subspace. 

Now we define yet another type of subspace viz. pseudo set 
vector subspace of a group vector space V. 

DEFINITION 2.5.9: Let V be a group vector space over the 
group G. Suppose W crV is a subset of V. Let S be a subset of 
G. If W is a set vector space over S then we call W to be a 
pseudo set vector subspace of the group vector space. 

We now give some illustrations. 

Example 2.5.32: Let V = {(1 1 1 0), (0 0 0 0), (1 1 0 0), (0 0 1 
0)} be a group vector space over the group Z 2 = {0, 1}. Take W 
= {(1 1 1 0), (0 0 1 0)} a V be a subset of V W is a pseudo set 
vector space over the set S = { 1 } c Z 2 . 

Example 2.5.33: Let P = ZxZxZxZbea group vector space 
over the group Z. 



100 




Take W = {(1 1 1 1), (0 0 0 0), (1 2 0 1), (3 3 5 1), (7 1 2 3), 
(1 0 0 1)} a proper subset of P. W is a pseudo set vector 
subspace over the set S = {0, 1 } c Z. 

Example 2.5.34: Let V = Z 3 x Z 3 x Z 3 x Z 3 be a group vector 
space over Z 3 . Take W = {(1 1 1), (2 2 2), (0 0 0), (1 0 1), (2 0 
2)} cz V. Let S = {1,2} a proper subset of Z 3 W is a set vector 
space over S. Thus W is a pseudo vector subspace of V. 

It is an open problem whether there exists a group vector space, 
which has no pseudo, set vector subspaces. 

Now we proceed onto define the notion of transformations of 
group vector spaces, which will be known as group linear 
transformations. 

DEFINITION 2.5.10: Let V and W be two group vector spaces 
defined over the same group G. A map T from V to W will be 
called as the group linear transformation if 

T ( av) = ctT (v) 

for all a e G and for all v £ V. 

We illustrate this by the following examples. 

Example 2.5.35: Let V^ZxZxZ and W = QxQxQxQbe 
two group vector spaces over the group Z. Let T : V — > W be 
defined by T (x y z) = (z y x y). Clearly T is a group linear 
transformation of V into W. 

Example 2.5.36: Let V = {(0 0 0), (1 1 1), (0 1 0), (1 1 1 1), 



(0 0 0 0 ), (1 1 0 1 ), (0 1 


1 1 )} and 
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be the group vector space over the group G = Z 2 = (0, 1). 



and 



T (x y z) = 



y 

o 



V 



J 



T (x y z w) : 



w 



for (x y, z) and (x y z w) eV 
T (0 0 0) 

T (1 1 1) 

T (0 1 0) 

T (1 1 1 1) 

T (0 0 0 0) 

T (1 10 1) 



"0 0" 
v0 o, 

(\ n 

J o, 

"o r 

(\ r 

vi K 

"o o" 
v0 o, 

(1 



T (0 1 1 1) 



"0 

vl 



r 

i/ 



T is a group linear transformation of V to W. 
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We have for a group linear transformation T, T _1 to exist 
provided the inverse mapping from W to V exists, otherwise we 
may not have T 1 to exist for the T. Thus for a given T, T" 1 may 
or may not exist. 

Example 2.5.37: Let V = {(a a a a)| a e Z} and 




be two group vector spaces over the group Z. A map 







(a a a a) 
T(a a a a) 




Thus T o T 1 is identity map on W and T 1 o T is the identity 
map on V. We call the group linear transformation T to be an 
invertible one. 
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Example 2.5.38: Let V = Z 12 x Z 12 x Z 12 x Z 12 and 
\( a M 

W = \ a,b,c, d e Z 12 

d ; 

be two group vector spaces over the group Z 12 . T be a map such 
that 

fa b^ 

T(a, b, c, d) = 

V c d J 

for every a, b, c, d e Z 12 . 

T is a group linear transformation of V into W, in fact T is one 
to one and onto T " 1 exists. 

Next we proceed onto define the notion of group linear 
operations on V, V a group vector space over the group G. 

DEFINITION 2.5.11: Let V be a group vector space over the 
group G. Let T from V to V be a group linear transformation 
then we call T to be a group linear operator on V. 

We now illustrate group linear operator on V by some 
examples. 

Example 2.5.39: Let V = {(a b c d) | a, b, c, d e Z} be a group 
vector space over Z. Define T from V to V by T {(a b c d)} = (d 
c b a) for every (a, b, c, d) e V. Clearly T is a group linear 
operator on V. 

In fact it can further be verified T 1 exists and T 1 o T = T o 
T 1 = identity group linear operator on V for 

T " 1 o T {(a b c d)} = T _1 {(d c b a)} 

= (a b c d); 

i.e., T 1 o T is identity on V. Now 

T o T _1 {(a bed)} = T {(d c b a)} 

= (a b c d). 
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T o T 1 is also the group linear operator which is the identity 
map in this case. 

All identity maps on V are identity group linear operator on V. 



Example 2.5.40: Let 




b" 

d v 



a, b, c, d e Z 10 



be the group vector space over the group Z 10 . Define a map T 
from V to V by 



2 


^a 


bf 


> 


V 


v c 


dj 


2 



fa b l 

vO o. 



for every a, b, c, d e V. T is a group linear operator on V, but T 
is clearly not an invertible group linear operator on V. 

The reader is left with the task of finding 

1. The algebraic structure given by the set of all group 
linear operators from the group vector space V to the 
group vector space W both V and W defined over the 
same group. 

2. The algebraic structure of the set of all group linear 
operators from V into V, V the group vector space 
defined over the group G. 

We denote the set of all group linear transformations from V to 
W defined over the group G by M c , (V,W) and that the set of all 
group linear operators of V by M G (V, V). 

1 . What is the algebraic structure of M G (V, W) ? 

2. What is the algebraic structure of M G (V,V)? 

Now we proceed on to define the notion of group linear algebra 
over a group. 
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DEFINITION 2.5.12: Let V be a group vector space over the 
group G.IfV is again a group under addition then we call V to 
be a group linear algebra over G. 

It is clear from the very definition every group linear algebra 
defined over a group G is a group vector space over the group G 
but a group vector space is never a group linear algebra i.e., ai 
(vj + v 2 ) = ai Vi + ai v 2 for all ai e G and Vi, v 2 e V may not be 
always true in V. 

Example 2.5.41: Let 

V 



V is a group linear algebra over Z with matrix addition on V. 

Example 2.5.42: Let V = {(0 0 0), (1 1 0), (0 0 1), (1 1 1), (0 0 0 
0), (0 0 1 0), (0 0 1 1)} be a group vector space over Z 2 = {0, 1}. 

V is not closed under any additive operation so V is not a group 
linear algebra over G = Z 2 . 

Thus we see in general all group vector spaces are not group 
linear algebras. 

Example 2.5.43: Let V = {(aij) m x n I ay e Z [2 } be the collection 
of all m x n matrices with entries from Zi 2 . V is a group under 
matrix addition. V is a group linear algebra over Z 12 . 

Example 2.5.44: Let V = {(0 0 0 0), (1 0 0 0), (0 1 0 0), (0 0 1 
0), (0 0 0 1), (0 0 1 1), (0 1 0 1), (1 1 0 0), (0 1 1 0), (1 1 1 0), (0 
1 1 1), (1 1 0 1), (1 0 1 1), (1 1 1 1), (10 0 1), (1 0 1 0)} with 
entries from Z 2 = {0, 1}. V is a group linear algebra over the 
group Z 2 = {0, 1}. 

Example 2.5.45: Let V = {(a b c) | a, b, c e Z}, V under 
component wise addition is a group; V is a group linear algebra 
over Z. 



f a a^ 



v a a y 



aeZ 
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Example 2.5.46: Let V = {Zi 0 x Z 10 x Z\ 0 x Z\ 0 x Z 10 = (ai, a 2 , 
a 5 ) | a ; e Zi 0 ; 1 < i < 5} be a group under component wise 
addition, V is a group linear algebra over Zi 0 . 

In case of group linear algebras the linear independence and the 
dimension are little different from that of the group vector 
spaces. 

DEFINITION 2.5.13: Let V be a group linear algebra over the 
group G. Let X cr V be a proper subset of V, we say X is a 
linearly independent subset ofV ifX - jxj, ..., x n J and for some 
oti € G, 1 < i < n, CC]X] + ... + a n x n = 0 if and only if each a, - 

0. 

A linearly independent subset XofV is said to generate V if 

n 

every element ofv g V can be represented as v - ^ a j X | , a, 

i=i 

G (1 <i <n). 



We illustrate this situation by the following examples. 

Example 2.5.47: Let V = {(0 0 0), (1 0 0), (0 0 1), (0 1 0), (1 1 
0), (1 0 1), (0 1 1), (1 1 1)} be the group linear algebra over the 
group Z 2 = {0, 1}. V is generated by the set X = {(1 0 0), (0 1 
0), (0 0 1)}. Clearly X is also a linearly independent subset of V 
over Z 2 = {0, 1}. 

Thus dimension of V is 3. Hence as in case of usual vector 
spaces we say the dimension of a group linear algebra is also the 
cardinality of the linearly independent subset X of V which 
generates V. 



Example 2.5.48: Let 



V = 



V a 4 a 5 a 6/ 



a- e Z 
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be the group linear algebra over the group Z. Let 



X = 



17 1 o o" 

llo o 0 / 



"0 1 0 " 
v° 0 °J’ 



"o o r 
v° 0 °J’ 



o 

o 


0^ 




"0 


O 

o 


u o 


0; 


5 


v0 


1 oj 



( 0 0 0 ^ 
0 0 1 



cV 



be the generating subset of V which is also linearly independent. 
Thus the dimension of the group linear algebra V is 6. 

Example 2.5.49: Let 



V = 



a b 
c d , 



a,b,c,d e Z 6 



V is a group linear algebra over the group Z 6 . The set 



X = 



lYo 

llo o y 



"1 0" 
v 0 0 y 



"0 0" 


o 


1 


vl 0 y 


lo ij 


1 



c V 



is the linearly independent subset of V which generates V. 
Clearly dimension of V is four. 

Example 2.5.50: Let V = Z 6 x Z 6 x Z 6 x Z 6 be the group linear 
algebra over the group Z 6 . Now X = {(1 0 0 0), (0 0 0 1), (0 1 0 
0), (0 0 1 0)} is the generating set of V. The dimension of V is 
four over Z 6 . 

Example 2.5.51: Let V = Z 6 x Z 6 x Z 6 x Z 6 x Z 6 be the group 
linear algebra over the group Z 6 . For this group linear algebra 
also X ={ (1 0 0 0 0), (0 1 0 0 0), (0 0 1 0 0), (0 0 0 1 0), (0 0 0 
0 1)} is the linearly independent subset which generates V and 
dimension is 5. 
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Now we proceed onto define the notion of group linear 
subalgebra of a group linear algebra. 

DEFINITION 2.5.14: Let V be a group linear algebra over the 
group G. Let W cy V he a proper subset of V. We say W is a 
group linear subalgebra ofV over G if W is itself a group linear 
algebra over G. 

We illustrate this situation by the following examples. 
Example 2.5.52: Let 



V = 



^a b^ 
v c d y 



a,b,c,d eZ , 



V is a group linear algebra over the group Z. Take 



W = 



^a a ^ 1 



v a a y 



ae Z 



WcV and W is a group linear subalgebra of V over Z. 

Example 2.5.53: Let V = {(1 0 0), (0 0 0), (0 1 0), (0 0 1), (1 1 
1), (0 1 1), (1 1 0), (1 0 1)} be the group linear algebra over the 
group Z 2 = {0, 1}. Take W = {(0 0 0), (1 1 1)} c V, W is a 
group linear subalgebra of V. 

Example 2.5.54: Let V = Z 9 x Z 9 x Z 9 be the group linear 
algebra over Z 9 . Let W = Z 9 x {0} x Z 9 c V; W is the group 
linear subalgebra of V over Z 9 . 

Example 2.5.55: Let V = Z 8 x Z 8 be the group linear algebra 
over the group G = {0, 2, 4, 6} addition modulo 8. Let W = {0, 
2, 4, 6} x {0, 2, 4, 6} c V; W is a group linear subalgebra of V. 

Now having seen several examples of group linear 
subalgebras over the group linear algebra we proceed onto 
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define the notion of direct sum of group linear subalgebras of a 
group linear algebra. 

DEFINITION 2.5.15: Let V be a group linear algebra over the 
group G. Let Wj, W„ be group linear subalgebras ofV over 
G. 

We say V is a direct sum of the group linear subalgebras 
W h W 2 , ..., W„ if 

L V=W]+ ... + W„ 

2. Wj n Wj = {0} ifi ^j; 1 <i , j <n. 

Now we illustrate this situation by the following examples. 



Example 2.5.56: Let V be Z 14 x Z 14 x Z 14 be the group linear 
algebra over the group Z 14 , the group under addition modulo 14. 
Let Wi = Z 14 x {0} x {0}, W 2 = {0} x Z i4 x {0} and W 3 = {0} x 
{0} x Z 14 be the group linear subalgebras of V. We see V = Wj 
+ W 2 + W 3 and W; n Wj = {0} if i * j; 1 < i, j < 3. 



Example 2.5.57: Let 

V = 



^a b^ 
c d 



a,b,c,d e Z 



j 



be the group linear algebra over Z. Let 

V a 0^ 1 



W, = 



v 0 0 y 



aeZ 



W 2 = 



'() h 
0 0 



beZ 



and 



W 3 = 



0 0 
c 0 



ceZ 
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w 4 = 



If 0 ° N 

llo dj 



deZ 



be the group linear subalgebras of V. Clearly Wi + W2 + W3 + 
W 4 = V and 



W; n Wj = 



"0 0" 
0, 



ifi*j;l<i,j<4. 



Thus V is the direct sum of group linear subalgebras over Z. 
Now take 



Si = 



jr a 0^ 

lib 0 y 



a,b g Z 



and 



S 2 = 



lr° 


a l 


a e Z; 


ll° 


0, 


I 


ff° 


0" 


b e Z; 


ll° 


by 


I 



be group linear subalgebras of V. We see V = Si + S 2 + S 3 and 



Suppose 



and 



Si n Sj : 



r 0 0^ 
v 0 0 y 



, ifi^j (1 <i,j <3). 



T,= 



a (T 
v 0 b , 



a,b e Z 






r 0 

v d 0 y 



c,d e Z 



be group linear subalgebras of V then we see V = Ti + T 2 and 
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Ti o Tt — 



Thus V is the direct sum of group linear subalgebras. From this 
example it is evident that we have many ways of writing V as a 
direct sum of group linear subalgebras of V. 

Further suppose 

[fa b^) I 

H o 0 a ' beZ • 



fa 0^ 

R 2 = i a,c,d £ Z 

c d 



fa 0) , 

R 3 = < a,b g Z 

10 b 



be three group linear subalgebras of V over Z we see 



V ^ Ri + R 2 + R 3 but ^ n R, ^ , 1 < i, j < 3. 

Moo 



Thus we see any set of group subalgebra need not lead to the 
direct sum. Also if 

fro o^ I 

VM a e Z > 

a 0 



fa b^ 

V 2 = \ a,b g Z 

0 0 



be two group subalgebras of V still V =£ Vi + V 2 though 
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Vi n V 2 * 



"0 0" 

v0 0/ 



Thus we see in this case 



a b 
c d 



with d & 0 cannot find its place 



in Vi + V 2 . Hence V = Vi + V 2 is not a direct sum of V. 



Now we proceed onto give yet another example of direct sum of 
group linear subalgebras. 

Example 2.5.58: Let V = {(1 0 0 0), (0 1 0 0), (0 0 1 0), (1 1 1 
1 ), (0 0 0 1 ), (0 0 1 1 ), (1 1 0 0 ), (1 0 0 1 ), (0 1 1 0 ), (1 0 1 0 ), (0 
0 0 0), (0 1 0 1), (1 1 1 0), (0 1 1 1), (1 0 1 1), (1 1 0 1)} be the 
group linear algebra over the group Z 2 = {0, 1}. Write V as a 
direct sum of group linear subalgebras. Can we represent V in 
more than one way as a direct sum? 

Now we proceed onto define the notion of pseudo direct sum of 
a group linear algebra as a sum of group linear subalgebras. 

DEFINITION 2.5.16: Let V be a group linear algebra over the 
group G. Suppose W h W 2 , ..., W„ are distinct group linear 
subalgebras ofV. We say V is a pseudo direct sum if 



1. Wi + ...+ W„ = V 

2. WjSi Wj 0 }, even ifi 

3. We need W, 's to be distinct i. e. , Wj n Wj # W, or 
Wj ifi *j. 

We now illustrate this situation by the following example. 



Example 2.5.59: Let 



V = 



^a j a 2 a 3 ^ 

V a 4 a 5 a 6 j 



a i g Z, 1 < i < 6 



be a group linear algebra over Z. Take 
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Wi = 



a, a 2 0 

v a 3 0 0 



3 j , 3 3 , &2 ^ Z r 



w 2 = 



^0 a, a 3 



A 



0 0 0 



3j ,3 3 G Z z , 



and 



W 3 = 



W 4 = 



fl 


z a. 


0 


a 3^ 




SZ 1 


I 1 


V a 4 


0 


a 6. 


3j , 3 3 , 3 4 , 3 6 


\f a, 


a 4 


0" 




ez l 


ll° 


a 5 


a 6. 


3 j , 3^ , 3^ , 3g 



Clearly Wi, W 2 , W 3 and W 4 are group linear subalgebras of V. 
We see 



Wi n Wj * 



"0 0 0 " 
v 0 0 °y 



, for 1 < i, j < 4 i * j. 



Further W, n W, ^ W, or W, n W, ^ W, if i ^ j. Finally V = 

Wi + W 2 + W 3 + W 4 , so we say V is the pseudo direct sum of 

group linear subalgebras of V. 

We give yet another example before we proceed on to describe 
further properties about group linear algebras. 

Example 2.5.60: Let V = {Z 18 x Z 18 x Z J8 } be a group linear 
algebra over Zi 8 . 

Take Wi = Z 18 x Z 18 x {0}, W 2 = Z 18 x {0} x Z 18 , W 3 = {0 

2 4 6 8 10 12 14 16} x Z J8 x Z 18 be three group linear 

subalgebras of V. Then V = Wi + W 2 + W 3 and W ; n Wj ^ {0}; 
i * j; 1 < i, j < 3 so V is the pseudo direct sum of group linear 
subalgebras. 

It is important to note that a group linear algebra can both have 
a pseudo direct sum as well as direct sum. We see we do not 
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have any relation among them. It can so happen a group linear 
algebra can have both way of decomposition. 

Now we proceed onto define yet another new algebraic structure 
of a group linear algebra. 

DEFINITION 2.5.17: Let V be a group linear algebra over the 
group G. Let W c:V be a proper subgroup of V. Suppose H crG 
be a semigroup in G.IfW is a semigroup linear algebra over H 
then we call W to be a pseudo semigroup linear subalgebra of 
the group linear algebra V. 

We illustrate this situation by the following example. 

Example 2.5.61: Let 



d 



a,b,c,d e Z 



be a group linear algebra over the group Z. Let Z + u{0} = H c 
Z be the proper semigroup of Z under addition. 



W = 




ae Z 



V. 



W is a semigroup linear algebra over H. We call W to be the 
pseudo semigroup linear subalgebra of the group linear algebra 
V. 

We give yet another example. 

Example 2.5.62: Let V = {Z x Z x Z} be the group linear 
algebra over the group Z. Let P = Z + u {0} be the semigroup 
contained in Z. Let W = 2Z x 2Z x 2Z c V; W is a pseudo 
semigroup linear subalgebra over P. 

Example 2.5.63: Let V = Z 2 x Z 2 x Z 2 be the group linear 
algebra over Z 2 . Z 2 has no proper subset which is a semigroup, 
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so V cannot have pseudo semigroup linear subalgebra. In fact 
we have a class of group linear algebras which has no pseudo 
semigroup linear subalgebras. 

Let V = Z p x ... x Z p , Z p the set of primes {0, 1, ..., p - 1 } 
under addition modulo p. V is a group linear algebra over Z p . 
But Z p has no proper subset P which is a semigroup. Thus V has 
no pseudo semigroup linear subalgebras. Thus we have a class 
of group linear algebras which has no pseudo semigroup linear 
subalgebras. 



Suppose we consider 



v =h)„ 



e Z ; p a prime, 1 < i < m and 1 < i < n 



V is a group linear algebra over Z p . This has no pseudo 
semigroup linear subalgebras. 

For varying primes p we get different classes of group linear 
algebras which has no pseudo semigroup linear subalgebras. We 
have yet another class of group linear algebras which has no 
pseudo semigroup linear subalgebras. 

Consider Z p [x] = {all polynomials in the variable x with 
coefficients from Z p ; p a prime}; Z p [x] is a group linear algebra 
over Z p . Clearly Z p has no proper subset which is a semigroup 
under addition modulo p. So Z p [x] has no pseudo semigroup 
linear subalgebras. 

In fact we can have yet another substructure in group linear 
algebras which will be known as group vector subspaces of the 
group linear algebras. 

DEFINITION 2.5.18: Let V be a group linear algebra over the 
group G. Let P be a proper subset of V. P is just a set and it is 
not a closed structure. If P is a group vector space over G we 
call P to be the pseudo group vector subspace of V. 

We illustrate this by the following examples. 
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Example 2.5.64: Let 



V = {(1 0 0), (0 0 1), (0 1 0), (0 0 0), (1 1 0), (0 1 1), (1 0 1), 

(1 1 1 )} 

be the group linear algebra over the group Z 2 = {0, 1 } . 

Take 



P = {(0 0 0), (1 1 0), (0 0 1), (0 1 0)} 

c V. 



P is a group vector subspace of V. Thus P is a pseudo group 
vector subspace of V. 

Example 2.5.65: Let 



V = 



a b 
c d 



\ 



a, b, c,de Z, 



A 



be the group linear algebra over Z 3 . 
Take 
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P is the pseudo group vector subspace of V over Z 3 . 
Take 
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1° °J 
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U lJ 
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\2 2j 
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,0 0, 
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o. 


i 



X is also a pseudo group vector subspace of V over Z 3 . 
However every proper subset of V is not a pseudo group vector 
subspace of V. 
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For instance 
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Chapter Three 



Set FXjzzy LinearAijgebras 
and their Properties 



In this chapter we define the new notion of set fuzzy linear 
algebra analogous to set vector space; for these algebraic set up 
will be of immense use in application to fuzzy models or in any 
other models for in these set vector spaces and set fuzzy vector 
spaces we can induct any wanted elements without affecting the 
system and the structure. We now just recall the definition of 
fuzzy vector spaces before we proceed on to define set fuzzy 
vector spaces. 

DEFINITION 3.1: A fuzzy vector space (V, /]) or rjV is an 
ordinary vector space V with a map // : V —> [0, 1] satisfying 
the following conditions; 



1. p (a + b) >min {jj (a), p (b)} 

2. rj(-a) = ?i(a) 

3. tj(0) = 1 

4. r) (ra) > 77 (a) 



for all a, b, e V and r e F where F is the field. 



We now define the notion of set fuzzy vector space or V n or Vr| 
or r|V. 
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DEFINITION 3.2: Let V be a set vector space over the set S. We 
say V with the map t) is a fuzzy set vector space or set fuzzy 
vector space if rj: V —> [0, 1 ] and // ( ra ) > rj(a) for all a eV and 
r € S. We call V n or Vi] or rjV to be the fuzzy set vector space 
over the set S. 



We now illustrate this situation by the following example. 

Example 3.1: Let V = {(1 3 5), (1 1 1), (5 5 5), (7 7 7), (3 3 3), 
(5 15 25), (1 2 3)} be set which is a set vector space over the set 

S= {0, 1}. 

Define a map ip V — > [0, 1] by 



p(x, y, z) = 



^x+y+z^ 

50 



[ 0 , 1 ] 



for (x, y, z) e V. V,, is a fuzzy set vector space. 

Example 3.2: Let V = Z + the set of integers. S = 2Z + be the set. 
V is a set vector space over S. Define rp V — > [0, 1] by, for 

every veV; p(v) = — . r|V is a set fuzzy vector space or fuzzy 
v 

set vector space. 



Example 3.3: Let V = {(ajj) | a^ e Z + ; 1 < i, j < n} be the set of 
all n x n matrices with entries from Z + . 



Take S = 3Z + to be the set. V is a fuzzy set vector space where 
p: V — > [0, 1] is defined by 



n(A = (ay)) = 



1 

< 5 ]^ 

1 



if |A|*0 
if | A | = 0. 



Vr| is the fuzzy set vector space. 
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The main advantage of defining set vector spaces and fuzzy 
set vector spaces is that we can include elements x in the set 
vector spaces V provided for all s e S, sx eV this cannot be 
easily done in usual vector spaces. Thus we can work with the 
minimum number of elements as per our need and work with 
them by saving both time and money. 

We give yet some more examples. 

Example 3.4: Let V = 2Z + x 5Z + x 7Z + be a set vector space 
over the set Z + ; with rp V — » [0, 1] defined by 

r|((x, y, z)) = 

x + y + z 

makes, i]V a fuzzy set vector space. 

Now we define the notion of set fuzzy linear algebra. 

DEFINITION 3.3: A set fuzzy linear algebra (or fuzzy set linear 
algebra) (V, rj) or rjV is an ordinary set linear algebra V with a 
map such /}: V —> [0, 1] such that tj(a + b) Amin (rj(a), fj( b)) 
for a, b e V. 

Since we know in the set vector space V we merely take V to 
be a set but in case of the set linear algebra V we assume V is 
closed with respect to some operation usually denoted as ‘+ ’ so 
the additional condition r/(a + b) Amin (ij(a), r/(b)) is essential 
for every a, b e V. 

We illustrate this situation by the following examples. 

Example 3.5: Let V = Z + [x] be a set linear algebra over the set 
S = Z + ;-n: V->[0, 1]. 



T(P(x)) = i 



1 

deg(p(x)) 

1 if p(x) is a constant. 
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Clearly Vr| is a set fuzzy linear algebra. 

Example 3.6: Let 



V = 



| fa 

ll c d . 



be set linear algebra over 2Z + = 



a,b,d,c g Z + 
S. Define 



7 


^a 


bf 




V 


v c 


d J 


j 



1 

■ | ad - be | 
0 



if ad ^ be 
if ad = be 



for every a, b, c, d g Z + . Clearly Vr| is a fuzzy set linear 
algebra. 

Example 3. 7: Let V = Z + be a set linear algebra over Z + . Define 

r) : V — > [0, 1] as r|(a) = — . Vp is a fuzzy set linear algebra. 

a 



Now we proceed onto define the notion of fuzzy set vector 
subspace and fuzzy set linear subalgebra. 

DEFINITION 3.4: Let V be a set vector space over the set S. Let 
W crV be the set vector subspace of V defined over S. If //: W —> 
[0, 1 ] then W,j is called the fuzzy set vector subspace ofV. 

We illustrate this by the following example. 

Example 3.8: Let V = {(1 1 1), (1 0 1), (0 1 1), (0 0 0), (1 0 0)} 
be a set vector space defined over the set {0, 1 } . Define p : V — > 
[0,1] by 



,(xyz)-L±^> (mod 2). 

So that 
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ri (0 0 0) = 0 

il(l 1 1)=^ 

T1 (1 0 1) = 0 

Tl(100)=i 

T1 (0 1 1) = 0 

Vr| is a set fuzzy vector space. Take W = {(1 1 1), (0 0 0), (0 1 
1)} c V. W is a set vector subspace of V. p: W — > [0, 1], 

p (0 0 0) = 0 
r, (111)= ^ 
p (Oil) = 0. 

W n is the fuzzy set vector subspace of V. 

Example 3.9: Let V = {(111), (1011), (11110), (101), (000), 
(0000), (0000000), (00000), (1111111), (11101), (01010), 
(1101101)} be a set vector space over the set S = {0,1}. 

Let W = {(1111111), (0000000), (000), (00000), (11101), 
(01010) (101)} c V. Define p: W -> [0, 1] by 

p(xi, x 2 , ..., x r ) = — . 

pW is a fuzzy set vector subspace. 

We now proceed on to define the notion of fuzzy set linear 
subalgebra. 

DEFINITION 3.5: Let V be a set linear algebra over the set S. 
Suppose W is a set linear subalgebra of V over S. Let // : W —> 
[0, 1], rjW is called the fuzzy set linear subalgebra if rj (a + b) 
> min (r/ (a), tj (b)} for a, b, € W. 

We give some examples before we define some more new 
concepts. 
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Example 3.10: Let V = Z + x Z + x Z + be a set linear algebra over 
the set S = 2Z + . W = Z + x 2Z + x 4Z + is a set linear subalgebra 
over the set S = 2Z + . Define r| : W — > [0, 1 ] 

r|(abc)= 1 ^ . 

a + b + c 



Clearly r| (x, y) > min {r| (x), q (y)} where x = (xi, x 2 , x 3 ) and y 
= (yij yi, y 3 ); x,yeW. Wq is a fuzzy set linear subalgebra. 



Example 3.11: Let 



r 



V = 



a b 
c d 






a,b,c,d,eZ + 



A 



V is a set linear algebra over the set S = {1, 3, 5, 7} c Z + . Let 



W = 




a e Z + 



be the set linear subalgebra of V. Define q : W — > [0, 1 ] by 







a 



W n or Wq is a set fuzzy linear subalgebra. 

Now we proceed on to define fuzzy semigroup vector spaces. 

DEFINITION 3.6: A semigroup fuzzy vector space or a fuzzy 
semigroup vector space (V, rj) or V // where V is an ordinary 
semigroup vector space over the semigroup S; with a map // : V 
—> [0, 1] satisfying the following condition; 

?7 ( ra ) > rj(a)for all a gV and r e S. 
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Let us illustrate this structure by some examples. 

Example 3.12: Let V = {(1000), (101 1), (1 1 10), (01 1 1), (0100), 
(0000), (0001)} be the semigroup vector space over the 
semigroup S = Z 2 = {0, 1}. Define p : V — »■ [0, 1] as 

i (a + b + c + d) 

p (a b c d) = (mod2) . 

6 

Clearly Vp is the semigroup fuzzy vector space. 

We give yet another example. 

Example 3.13: Let V = Z 3 x Z 3 x Z 3 be the semigroup vector 
space over the semigroup Z 3 . Define p : V — >■ [0, 1] as 

. . (x + y + z) 

p (x y z) = ^ -(mod3) . 



Vp is a semigroup fuzzy vector space. 

In fact given a semigroup vector space V, we can get many 
semigroup fuzzy vector spaces. 

For define p i : V — » [0, 1 ] as 



1 



Pi (x, y, z) = 



< (x + y + z)(mod 3) 
0 



if x + y + z # 0 (mod3) 
if x + y + z = 0(mod 3) 



Vpi is a semigroup fuzzy vector space different from Vp. 
Define p 3 : V — > [0, 1] as 



p 3 (x, y, z) = 



2 

J_ 

4 

]_ 

6 



if x + y + z = 0 (mod 3) 
if x + y + z = l (mod 3) 
if x + y + z = 2 (mod 3) 
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Vr |3 is a semigroup fuzzy vector space. 

Thus study of semigroup fuzzy vector spaces gives us more 
freedom for it solely depends on p which is defined from V to 
[0, 1], 

Next we define semigroup fuzzy vector subspaces of a 
semigroup vector space V. 

DEFINITION 3.7: Let V be a semigroup vector space over the 
semigroup S. Let W crV be a semigroup vector subspace of V 
over S. We say Wrj is a semigroup fuzzy vector subspace if // : 
W —> [0, 1], such that 

( i) rj(x,y)> min ( 77 (x), 77 (y)) 

( ii) 77 ( rx) > 77 (x)for all r e S and x,yeW. 

We illustrate this by the following example. 

Example 3.14: Let V = Z 7 x Z 7 x Z 7 x Z 7 be a semigroup vector 
space over the semigroup S = Z 7 . Let W = Z 7 x {0} x Z 7 x {0} 
be the semigroup vector subspace of V. Define the map p : W 
-> [0, 1] by 



p (x 0 y 0) = 



4 

iif 

3 





x + y = 1 (mod 7) 
x + y = 2 or 4 (mod 7) 
x + y s 3 or 5 (mod 7) 
x + y = 6 or 0 (mod 7). 



p W is the semigroup fuzzy vector subspace of V. 

Here also using one semigroup vector subspace W we can 
define several semigroup fuzzy vector subspaces. 
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Define rj! : W — » [0, 1] 



0 if x + y s 0 (mod 7) 

1 if x + y & 0 (mod 7). 



by ill (xOyO) 



Wrii is a semigroup fuzzy vector subspace. 

We see the definition of fuzzy semigroup vector space is not in 
any way different from the fuzzy set vector space. So this will 
enable one to go from one type of space to another using fuzzy 
concepts defined on them. 

So one can easily transfer a study from semigroup vector 
space to set vector space by defining the corresponding fuzzy 
set vector space and the semigroup fuzzy vector space as the 
map p and hence p V does not give different structures but same 
type of structures. 

Now we see even in case of semigroup linear algebra and 
set linear algebra the fuzzy structures are identical. 

DEFINITION 3.8: Let V be a semigroup linear algebra defined 
over the semigroup S. We say rjV is a semigroup fuzzy linear 
algebra if rj : V —> [0, 1] such that rj (x + y) > min ( rj (x), rj(y)); 
>1 ( rx)> i) (x)for every r € S and x € V. 

Now we illustrate this situation by the following examples. 

Example 3.15 : Let V = Z 7 x Z 7 x Z 7 x Z 7 be the semigroup 
linear algebra defined over the semigroup S = Z 7 . Define p : V 
-> [0, 1] by 



p (x y z co) = 



if x + y + z = 0 (mod 7) 
otherwise. 



Vp is a semigroup fuzzy linear algebra. 
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Example 3.16: Let 



V = 



a, 3. 0 



V a 4 a 5 a 6y 



a ; e Z + ;l < i < 6 



be the semigroup linear algebra over the semigroup S = Z + . 
Define rp V — > [0, 1] as 






" a l 


a 2 




J 


v a 4 


a 5 


a 6. 


1 



1 

( a i + a 4 ) 



Vr) is a semigroup fuzzy linear algebra. 

Example 3.17: Let V = Z + [x] be the polynomials with 
coefficient from Z + in the variable x; V under addition is a 
semigroup. V is a semigroup linear algebra over 77 . 



Define p : V — »■ [0, 1] as 



1 



n(p <X» = 



deg p(x) 



[l if degp(x) = 0 



r| is the semigroup fuzzy linear algebra. 



Define pi : V — > [0, 1] as 
fii(p(x)) 



1 

■ degp(x) 

0 if degp(x) = 0 



then also Vpi is a semigroup fuzzy linear algebra. 

We see as in case of fuzzy set vector spaces and semigroup 
fuzzy vector spaces the notion of fuzzy set linear algebra and 
semigroup fuzzy linear algebra are also identical. This sort of 
making them identical using fuzzy tool will find its use in 
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certain applications. We shall define such structures as fuzzy 
equivalent structures. 

We see fuzzy set vector spaces and semigroup fuzzy vector 
spaces are fuzzy equivalent structures though set vector spaces 
are distinctly different from semigroup vector spaces. Like wise 
set linear algebras and semigroup linear algebras are fuzzy 
equivalent although set linear algebras are different from 
semigroup linear algebras. 

Now we proceed on to define group fuzzy vector spaces and 
group fuzzy linear algebras. 

DEFINITION 3.9: Let V be a group linear algebra over the 
group G. Let )j : V —> [0, 1 ] such that 

rj (a + b) > min ( tj (a), ij (b)) 

t](-a) = r/(a) 

> 1 ( 0 ) = 1 

tj(ra) > r/(a)for all a, b gV and r £ G. 

We call Vt] the group fuzzy linear algebra. 

We illustrate this by an example. 

Example 3.18: Let V = ZxZxZb e the group linear algebra. 

Define q : V — > [0, 1] by 

fi(a) = i r 
I a I 

for every a e Z 

fi (0) =1. 



q V is the group fuzzy linear algebra. 

It is pertinent to mention here that we have not so far defined 
group fuzzy vector spaces. We first mention group vector 
spaces are fuzzy equivalent with set vector spaces and 
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semigroup vector spaces. However for the sake of completeness 
we just define group fuzzy vector spaces. 

DEFINITION 3.10: Let V be a group vector space over the group 
G. 77 : V —> [0, 1] is such that rj(ra) > /]( a ) for all r g G and a 
e V. We call Vrj or rjV to be the group fuzzy vector space. 

We see from the very definition the group vector spaces are 
fuzzy equivalent with set vector spaces. 

Now we give an example of this concept. 

Example 3.19: Let V = Z [x] be a group vector space over the 
group G. Define q : V — » [0, 1 ] by 



and 



d(p(X» 



1 

degp(x) 



q (constant) = 0 . 

Vq is a group fuzzy vector space. 



In the same example if we view Z [x] to be a group under 
addition. Clearly Z [x] = V can be viewed as a group linear 
algebra over the group Z. q defined above is such that qV is a 
group fuzzy linear algebra. 



DEFINITION 3.11: Let V be a group linear algebra over the 
group G. Let W c:V, where W is a subgroup of V and W is a 
group linear subalgebra over the group G. rj : W —> [0, 1] such 
that 



tj (a + b) 

d (a) 

( 0 ) 

t/(ra) 



> min ( 77 (a), t) (b)) 

= n (-a) 

1 

> rr/(a ) 



for all a, b eW and r g G; we call Wrj or r/W to be the group 
fuzzy group linear subalgebra. 



130 




We illustrate this by the following. 



Example 3.20: Let V = ZxZxZxZxZbea group linear 
algebra over the group G = Z. W = 3Z x {0} x 5Z x {0} x{0} 
be the group linear subalgebra over Z. 

Define rp W — » [0, 1] by 



0 



r|(x, y, z, ro, t) = j 1 



[x + y + z + co + t 



if x + y + z + co + t = 0 
if x + y + z + co + t^O’ 



r|W is a fuzzy group linear subalgebra. 

The importance of this structure is that we do not demand for a 
field or any other perfect nice structure to work with. Even a set 
will do the work for we ultimately see when we define fuzzy 
vector spaces the field does not play any prominent role. Also 
we see the group linear algebra is the same as ordinary vector 
space, when they are made into respective fuzzy structures. In 
fact these two structures are basically fuzzy equivalent. Any one 
will like to work with least algebraic operations only. So as we 
have already mentioned set vector spaces happens to be the 
most generalized concept of ordinary vector spaces and it is 
easy to work with them. 

Another advantage of working with these special vector 
spaces is we see most of them happen to be fuzzy equivalent 
with some other special space or the ordinaiy vector space. In 
certain models or study we may have meaning for the solution 
only when they are positive. In such circumstances we need not 
define the vector spaces over a field instead we can define it 
over the set S which is a subset of Z + u {0} or over the 
semigroup Z + u {0} or even just Z. 

Further as our transformation to a fuzzy set up always demands 
only values from the positive unit interval [0, 1] these 
semigroup vector spaces or set vector spaces would be more 
appropriate than the ordinaiy vector spaces. 
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Further we see even in case of Markov process or Markov chain 
the transition probability matrix is a square matrix with entries 
which are non negative and the column sum adding up to one. 
So in such cases one can use set vector space where 

V= {(^LA^t 0 ’ 1 ] with £ a ik =lforl<k<n| 

is a set vector space over the set [0, 1]. So these new notions not 
only comes handy but involve lesser complication and lesser 
algebraic operations. 
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Chapter Four 



Set Bvecior Spaces and their 
Generalization 



In this chapter for the first time we define the notion of set 
bivector spaces and generalize them to set n vector spaces. We 
enumerate some of the properties. In fact these set n-vector 
spaces happens to be the most generalized form of n-vector 
spaces. They are useful in mathematical models which do not 
seek much abstract algebraic concepts. 



DEFINITION 4.1: Let V = V i u V 2 where V] and V 2 are two 
distinct set vector spaces defined over the same set S. That is Vj 
gV 2 and V 2 <ZVi we may have Vj dV '2 = f or non empty. Then 
we call V to be a set bivector space over S. 



We illustrate this by the following examples. 

Example 4.1: Let V = Vi u V 2 where Vi = Z 5 x Z 5 and 



V 7 = 



a b 
c d 






a,b,c,d,e Z, 






are set vector spaces over the set S = {0, 1}. V is a set bivector 
space over the set {0, 1 } = S. 




Example 4.2: Let V = Vi uV 2 where Vi = {(1 1 1), (0 0 0), (1 
1 0), (1 1 1 1 1), (0 0 0 0 0), (1 1 0 1 1), (1 1 0 0 0), (1 0 0)} and 

v 2 = {(0 1 ), (1 0 ), (0 0 ), (1 1 1 1 ), (0 0 0 0 ), (0 1 1 1 ), (1 1 1 1 1 

1), (0 0 0 0 0 0), (1 0 0 0), (0 0 0 1)} be set vector spaces over 
the set S = {0, 1}. V = Vi u V 2 is a set bivector space over the 
set S. 

Example 4.3: Let V = Vi u V 2 where 




be two set vector spaces over the set S = {0, 1}. V is a set 
bivector space over the set S. 

Now we have seen that how a set bivector space is constructed 
from these examples. 



Example 4.4: Let 

Vi = 



and 




a,b,c,d 





be set vector spaces over the set S = {0, 1}. Clearly V = Vi 
u V 2 is not a set bivector space over S as V 2 c Vj. Thus we 
cannot say the union of two set vector spaces defined over the 
same set gives a set bivector space. 
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Now we proceed on to define the notion of set bivector 
bisubspaces of a set bivector space. 

DEFINITION 4.2: Let V - Vi UV2 be a set bivector space 
defined over the set S. A proper biset W - Wj U W2 ( W t crVi 
and W2 crV2) such that W/ and W2 are distinct and contained in 
V is said to be a set bivector bisubspace of V ( or set bivector 
subspace ) ifW is a set bivector space defined over S. 

We now illustrate situation by the following examples. 

Example 4.5: Let V ~ V, u V 2 

a,b,c,d eZ 12 j u {(a b c d) | a, b, c, d e Z i2 } 

be a set bivector space over the set S = {0, 1}. 

Let W = Wi u W 2 

a g Z 12 j u {(a a a a) |a e Z 12 } 





c Vi u V 2 = V. W is a set bivector space over S = {0,1}. 

Thus W is a set bivector subspace of V over S. 
Example 4.6: Let 



V,= 

and 




a t e {0,2,6,8,10,12} cr Z 14 
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V = V! uV 2 is a set bivector space over S = {0,1}. Clearly 
Vi n V 2 ^ (() but Vi and V 2 are distinct. Take 



W, = 



"a a 0 
a a 0 



a e (0,2,6,8,10,12) > cVi 



and 



W 2 = 



C a a a^ 



V 



0 0 0 



aeZ l4 a V 2 



W = Wi u W 2 is a set bivector subspace (or set bivector 
subbispace) of V. 

Suppose 



Pi = 



a b c 

a a 0 



a,b,c e (0,2,..., 12) c Z 14 > cVi 



and 



P 2 = 



^a a a^ 



V 



0 0 0 



aeZ 14 cV, 



then also P = Pi u P 2 is a set bivector bisubspace of V. Thus we 
can have several such set bivector subspaces of a given set 
bivector space V. 

Now we define the bidimension and the generating biset of a set 
bivector space V = Vi u V 2 . 

DEFINITION 4.3: Let V - Vi UV 2 be a set bivector space 
defined over the set S. Let X = X] uX 2 crV; uV 2 , we say X is a 
bi generating subset of V if Xj is the generating set of the set 
vector space V t over S and X 2 is the generating set of the set 
vector space V 2 over S. 

The number of elements in X = X! u X 2 is the bidimension of V 
and is denoted by (|Xi|; |X 2 |) or |Xi| u |X 2 |. 
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We shall illustrate this definition by some examples. 

Example 4.7: Let V = Vi u V 2 = {(111), (000), (100), (010), 
(001)} u {(1111), (0000), (1110), (1000)} be the set bivector 
space over the set S = {0,1}. Take X = {(111), (100), (010), 
(001)} u {(1 1 11), (1 110), (1000)} cr V| UV 2 is the generating 
bisubset of V over the set S. Clearly dim V = (4, 3) or (4 u 3). 

Example 4.8: Let 



V = Vi u V 2 = 




\ 


1 


3 . 


a g Z 


a . 


J 



u {Z x Z x Z} 



be the set bivector space defined over the set S = Z. 



X = 



fl f| 
vi K 
XjuX 2 



u {(111), (100), (010), (001), (110), (ab c) ...} 



where X 2 is an infinite subset of V 2 , this alone can generate V so 
bidimension of V is infinite i.e., bidimension of V = {1 u co} or 
(l,co). 



Example 4.9: Let V = V) u V 2 = {Zi 0 x Zi 0 x Zi 0 } u {(a a a a 
a) | a g {0, 2, 4, 6, 8} a proper subset of Z 10 }. V is a set bivector 
space over Zi 0 . Prove bidimension of V is finite over Z l0 . 

Now we proceed onto define the notion of set bilinear algebra or 
equivalently we can call it as set linear bialgebra. 



DEFINITION 4.4: Let V - V / u V 2 be such that V / is a set linear- 
algebra over the set S and V2 is also a set linear algebra over S. 
Further V/ ^y 2 , Vj <Z V2 or V2 (Z V/. Then V = V) UV2 is 
defined to be the set linear bialgebra over the set S. 

We now illustrate this situation by some examples. 
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Example 4.10: Let 



V = Vi u V 2 




\ 


t 


a 


a g Zig 




J 



U {Z 16 X Zi6} 



be the set linear bialgebra over the set Z 16 . 

Example 4.11: Let 



V = {(000), (010), (100), (001), (110), (Oil), (101), (111)} 



u 



^a b 
, c d 
= ViuV 2 . 



a,b,c,de Z, = {0, 1} 



V is a set linear bialgebra over the set S = {0 1 } . 

Example 4.12: Let 

V = ViuV 2 

= {Z} u {Z + X Z + X Z + } 

be the set linear bialgebra over the set S = 2Z + , here V) and V 2 
are set linear algebras over S = 2Z + . 

Example 4.13: Let 

V = V[ u V 2 

= {(ab)/a,b e {0 1}} u {1110}, {0000}, (001 1)}; 

V is not a set linear bialgebra over the set S = {0, 1 } . V is only a 
set bivector space over the set S because V 2 is not closed under 
the operation *+’. 

In view of this we have the following result which is left for the 
reader to prove. 

Result: Every set linear bialgebra is a set bivector space but all 
set bivector spaces need not in general be a set linear bialgebras. 
The example 4.13 is one such algebraic structure. 
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Now we proceed on to define the notion of set linear 
subbialgebra or equivalently the notion of set bilinear 
subalgebra. 

DEFINITION 4.5: Let V - Vj u V 2 be a set linear bialgebra over 
the set S.IfWcrV i.e., W = W, uW 2 (=V , uV 2 (W, cV„ i = 1, 
2) is a set linear bialgebra over the set S then we call W to be 
the set linear subbialgebra of V. 

We now illustrate this by some examples. 

Example 4.14: Let 

V = V, u V 2 




V is a set linear bialgebra over Z. Take 




c Vi u V 2 = V, W is a set linear subalgebra of V over S. 

Example 4.15: Let V = Vi u V 2 = Z[x] u Q be a set linear 
bialgebra over the set S = 2Z. Suppose W = Wi u W 2 = {all 
polynomial of even degree with coefficient from 2Z} u {5Z} c 
Vi u V 2 = V. Clearly W is a set linear bisubalgebra over the set 
S = 2Z. 

Example 4.16: Let V = Vi u V 2 




] 

xgZ p u 

X J J 
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V is a set linear bialgebra over S = Z 22 . Take 




cV 1 uV 2 = V. 

W is a set linear bisubalgebra of V over the set S = Z !2 . 

DEFINITION 4.6: Let V — V j u V 2 be a set linear bialgebra over 
the set S. Let X - X 2 uX 2 crV 2 uV 2 = V, if X l is a generating 
set ofVj and X 2 is a generating set ofV 2 then X - X 2 uX 2 is the 
generating subset of V. The bidimension of V is the cardinality 
of(\X]\, \X 2 \). 

We illustrate this situation by some examples. 

Example 4.17: Let V = Vi u V 2 = {Z } u {(a a a) | a e Z} be a 
set linear bialgebra over the set S = Z. Let X = Xi uX 2 = {1} u 
{1 1 1} cV] uV 2 . X is the generating biset of V. The 
bidimension of V is (1, 1). 

Example 4.18: Let 

V = ViuV 2 

a g Z j u {(a b c)| a, b, c e Z} 

be the set linear bialgebra over the set S = Z. Let 

(l l) 

X = u {(100), {010), (001)} 

V V 

= Xi u X 2 c V t u V 2 
= V. 
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The bidimension of V is {1} u {3} or (1, 3). 

Example 4.19: Let V = V! u V 2 = Z[x] u Z x Z x Z be a set 
linear bialgebra over the set Z. Let X = {1, x, x 2 , x n , ...} u 
{(100), (010), (001)} generates V and the bidimension of V is 
{oo} u {3} =(oo, 3). 

Example 4.20: V = V) u V 2 = Z[x] u Z x Z x Z as a set 
bivector space over the set Z is of bidimension (co,co). 

This is the marked difference between the set linear bialgebras 
and set bivector spaces. 

Now we proceed onto define the notion of semigroup bivector 
spaces, biset bivector spaces and bisemigroup bivector spaces 
and illustrate them by examples. 

DEFINITION 4 . 7 : Let V — V/ lsV 2 be such that Vi is a set vector 
space over the set S 1 and V2 be a set vector space over the set 
S 2 . Si ^ S 2; Si tg: S2 and 53 N3 Si we define V - Vi u V2 to be 
the biset bivector space over the biset Si u S2. 

Now we will illustrate this definition by some examples. 



Example 4.21: Let V = V 1 uV 2 = ZxZxZu Z\ 2 x Z [2 x Z 12 
x Z 12 be a biset bivector space over the biset S = Zu Z i2 . 



Example 4.22: Suppose 



take the biset S = Z [2 u Z 10 ; then V is the biset bivector space 
over the biset S = Zi 2 u Z 10 . i.e., V) is a set vector space over 
the set Z 12 and V 2 is a set vector space over the set Z 10 . 



V = ViuV, 

= Z 12 [x] u 



^a a a^ 



aeZ„ 
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It is interesting as well as important to observe that set bivector 
spaces and biset bivector spaces are two different and distinct 
notions. They will find their applications in different sets of 
mathematical models. 



Example 4.23: Let 



V = VjuVj 

= {( 1 1 1 ), ( 000 ), ( 1111 1 ), ( 00000 ), ( 110 ), ( 100 ), ( 001 ), 
( 10100 ), ( 0000 ), ( 1100 ), ( 1010 )} 



u- 



a,b,c,d g Z, 



Vi is a set vector space over the set Si = Z 2 = {0, 1} and V 2 is a 
set vector space over the set S 2 = Z 5 . Thus V = V! u V 2 is a 
biset bivector space over the biset S = Si u S 2 = Z 2 u Z 5 . 

Example 4.24: Let 

V = V,uV, 

= {( 1111 ), ( 0011 ), ( 0000 ), ( 1000 ), ( 11 ), ( 01 ), ( 00 )} 



u 



a a a 
b b b 



a,b g Z 3 



be a biset bivector space over the biset S = Si u S 2 = Z 2 u Z 3 . 

Now we define the notion of biset bivector subspaces. 

DEFINITION 4.8: Let V = Vj uV 2 be a biset bivector space over 
the biset S = S, uS 2 . Let W = W, uW 2 ^V, uV 2 ; if W is a 
biset bivector space over S then we call W to be the biset 
bivector subspace ofV over the biset S = .S’/ uS 2 . 
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Example 4.25: Let V = Vi u V 2 

= {( 000000 ), ( 1 11000 ), ( 110110 ), ( 111 ), ( 000 ), ( 100 ), 

(Oil)} 



u 




a 

a 



\ 


1 


a 


aeZ 4 




J 



be the biset bivector space over the biset S = Si u S 2 = {0, 1} u 
Z 4 . 

Let 



W 



W,uW 2 

{(000000) (111000)} u 



Y a. a 

llo o 



a e Z , 



Vi u V 2 , 



W is a biset bivector subspace of V over the biset S = Si u S 2 . 

Example 4.26: Let 



V = ViuV 2 = 




aeZ 4 



u {Z 5 [x]}; 



{Z 5 [x] i.e., all polynomial in the variable x with coefficients 
from Z 5 } be the biset bivector space over the biset S = Si u S 2 = 
Z 4 uZ 5 . Let 



W 



= WjuW 2 



{all polynomials of degree 1 with coefficient from Z 5 } 
c VjuVi 
= V; 



W is a biset bivector subspace of V over the biset S = Z 4 uZ 5 . 
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Example 4.27: Let 



V 



ViuV, 

{Z 6 X Z 6 } u 



a,b,c,d,e,f e Z 7 



be the biset bivector space over the biset S = Si u S 2 = {0 2 4} 
u Z 7 . Take 

W = W,uW 2 

= {{0,3}xZ 6 }u 

cV,uV 2 ; 

W is the biset bivector subspace over the biset S = Si u S 2 . 

DEFINITION 4.9: Let V - V; uV 2 be a biset bivector space over 
the biset S - Si uS 2 . If X - X/ uX 2 crV] u V 2 is such that X 2 
generates Vi as a set vector space over the set Si and V? is 
generated by the set X 2 over the set S 2 then we say the biset X] 
uX 2 is the bi generator of the biset bivector space V - Vi U V 2 
over the biset S - S] u S 2 - The bicardinality of X = X } uX 2 
denoted by (\Xi\, \X 2 \ ) gives the bidimension ofV over S. 

We illustrate this by the following examples. 

Example 4.28: Let V = Vi u V 2 be a biset bivector space over 
the biset S = Si u S 2 where Vi=Z 5 xZ 5 x Z 5 with Si = Z 5 and 



a a 
0 0 



aeZ, 



r 



v 2 = 



V 



a b c 
d e f 



a, b, c, d, e, f g Z, = {0, 1} 



and S 2 = Z 2 . Take 
X = XjuX 2 
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= {(a, b) / a, b e Z 5 ) 



f\ 1 


i\ 


f\ 


1 


n 


(i 


1 A 


vl 1 


K 


V 


1 


o. 


\0 


o h 



f 1 


1 




f 1 


1 


n 


'i 


1 


n 


vl 


0 


lj’ 




1 


ij’. 


^0 


1 


o; 


fl 


1 


n 


fl 


1 


n 


"0 


0 


0 


vl 


0 


0, 


\0 


0 


o. 


\1 


1 


1 



X is finite biset and bidimension of V = {24 u 63} = (24, 63). 
Example 4.29: Let 
V = ViuV 2 

a g z| u {Z 3 x Z 3 } 

be a biset bivector space over the biset S = Si u S 2 = Z u Z 3 . 
Take 



^a a a^ 



yci 3 3 y 



X 



fi i r\ 
J 1 K 

Xi u X 2 , 



u {(11), (12), (10), (01)} 



X is the bigenerating biset of the biset bivector space V. The 
bidimension of V is {1} u {4}. 



Example 4.30: Let = V) u V 2 = {Z 5 x Z 5 } u (Z x Z) be the 
biset bivector space over the biset S = Si u S 2 = Z 5 u Z. Take X 
= Xi uX 2 = {(11), (10), (01), (12), (13), (14)} u {(a, b) / a b 
eZ} bigenerates V. Clearly |Xi| = 6 and |X 2 | = oo so the 
bidimension of V is (6, oo ). 

Thus even if one of the set vector spaces in the biset bivector 
space V is of infinite dimension we say the biset bivector space 
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to be of bidimension infinity. Only if both V] and V 2 are of 
finite dimension we say V, the biset bivector space V is of finite 
bidimension. 

Now we proceed on to define the notion of biset bilinear algebra 
or equivalently biset linear bialgebra. 

DEFINITION 4.10: Let V - Vi u V 2 , ifViisa set linear algebra 
over the set Sj and V? a different set linear algebra on the set S 2 
(S 1 *S 2 , S] (Z_S 2 , S 2 tzSj) (Vi *V 2 , Vi £ V 2 or V 2 eV,) then we 
call V - V 1 uV 2 to be the biset bilinear algebra over the biset S 
= S, uS 2 . 



We illustrate this definition by examples. 
Examples 4.31: Let 



V = Vi u V 2 = Z[x] u 




a^ 


aezj 




J 



be the biset bilinear algebra over the biset S = ZuZ 5 . Clearly 
Z[x] is the set linear algebra over Z and 



is the set linear algebra over the set Z 5 . 

Example 4.32: Let V = V! uV 2 = {Z 7 x Z 7 } u {(a a a a) / a e 
Z 6 }; Vi is a set linear algebra over the set Z 7 and V 2 is a set 
linear algebra over the set Z 6 . Thus V = Vi u V 2 is the biset 
bilinear algebra over the biset S = Z 7 u Z 6 . 

Example 4.33: Let V = ViuV 2 = {(a, b)/a,beZ}u {Z 9 M = 
all polynomials in the variable x with coefficients from the set 
Z 9 }. Take S = Z uZ 9 = Si uS 2 . Now V is the biset bilinear 
algebra over the biset S = Si u S 2 . 
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Example 4.34: Let 



V 



V[ u V 2 

{Z 5 xZjx Z 5 } u 



v 



a a a 
b b b 



y 



a,b g Z 2 



Take the biset S = = Si uS 2 =Z S uZ 2 . Clearly V is a biset 
bilinear algebra over the biset S = Z 5 u Z 2 . 

Now we proceed on to define the bidimension of a biset bilinear 
algebra over the biset S = Si u S 2 . 

DEFINITION 4.11: Let V — V / UV 2 be a biset linear bialgebra 
over the biset S = Sj u 5 2 . Let W = Wj u W 2 crVi UV 2 , ifWis 
a biset bilinear algebra over the biset S - Si u 5? then we call 
W to be the biset bilinear subalgebra ofV over the biset S - S/ 
uS 2 . 



We illustrate this by some simple examples. 

Example 4.35: Let 

V = Vi u V 2 

a g Z 5 | u {Z 4 x Z 4 } 

be the biset bilinear algebra over the biset S = Si u S 2 = Z 5 
u Z 4 . Let 



^a a a^ 



y a. a 3 . y 



W 



W, u W 2 



^a a a^ 



0 0 0 



a g Z. 



Vi u V 2 ; 



u {{0,2} x {0,2}} 



147 




W is a biset bilinear subalgebra of V over the biset S = Si u S 2 . 

Example 4.36: Let V = Vi uV 2 = Z 7 [x] u{(000), (111), (100), 
(001), (010), (110), (101), (Oil)} be the biset bilinear algebra 
over the biset S = Z 7 u Z 2 . Take W = Wi u W 2 = {all 
polynomials of degree 2 with coefficient from Z 7 } u {000), 
(111)} cz V \ u V 2 ; W is a biset bilinear subalgebra of V over 
the biset S = Z 7 u Z 2 . 

Example 4.37: Let 



V 



ViuV, 

{Z 2 X Z 2 X Z 2 X Z 2 } u 



b A 

d 



a,b,c,d 



Z 3 . 



V is a biset bilinear algebra over the biset Z 2 u Z 3 . 
Take 

W = WiuW 2 
c Vi u V 2 



where 

and 



W!=Z 2 x {0} x Z 2 x {0} 



W, =< 



^a 0^ 

v 0 d y 



a,d e Z, 



W is the biset bilinear subalgebra of V over the set Z 2 u Z 3 . 

Now having defined the substructure we now proceed on to 
define the notion of the bigenerating set and bidimension of the 
biset bilinear algebra. 

DEFINITION 4.12: Let V = V/ UV 2 be a biset bilinear algebra 
defined over the biset S - Si u Si- Let X = Xj uX 2 crVj uV 2 
where X 1 generates V / as a set linear algebra over S / and X 2 
generates V 2 as a set linear algebra over S 2 . Clearly X - Xi 
uX 2 bi generates V and the bidimension ofV is (\X 2 \; \X 2 \). 
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We give some examples to illustrate this concept. 

Example 4.38: Let 

V = Vi u V 2 

a e Z j u Z 2 x Z 2 x Z 2 

be the biset bilinear algebra over the biset S = Z u Z 2 = Si u S 2 . 
Let 

X = X,uX 2 

Ju {(001), (000), (100), (010)} 

c ViuV 2 , 

we see X bigenerates V and bidimension of V is {1} u {3} or 
{1,3}. 

Example 4.39: Let 

V = Vi u V 2 

a e Z 12 j u {Z 6 x Z 6 } 

be a biset bilinear algebra over the biset S = Z [2 u Z 6 . Take 
X = X[UX 2 

ff 1 1 \\\ 

■ i Jr* 00 ’* 10 ” 

is the bigenerator of V. The bidimension of V is {1} u {2} or 

{ 1 , 2 }. 






149 




Now having seen the bidimension we wish to mention that for 
the same set V treated as a biset bilinear algebra and as a biset 
bivector space over the same biset S = Si u S 2 , their 
bidimensions are distinct and not the same. 

Thus in certain cases it is advantageous to work with biset 
bilinear algebra for it will make the cardinality of the 
bidimension relatively small when compared with the biset 
bivector space. 

In spaces where it is possible we can make use of biset 
bilinear algebra instead of biset bivector spaces. 

Now we proceed on to define the notion of semigroup bivector 
spaces. 

DEFINITION 4.13: Let V - Vi UV2 where V) is a semigroup 
vector space over the semigroup S. 

If V2 is also a semigroup vector space over the same S and 
ifV] and V 2 are distinct (V/ ^V 2 , Vj V 2 and V 2 ^ Vj) then 

we say V - Vj uV 2 to be the semigroup bivector space over the 
semigroup S. 

We illustrate this by the following examples. 

Example 4.40: Let 

V = Vi u V 2 

= {Z + x Z + x 2Z + } u 

be a semigroup bivector space over the semigroup S = 2Z + , we 
see Vi is a semigroup vector space over the semigroup 2Z + = S 
and V 2 is also a semigroup vector space over the same 
semigroup S = 2Z + . 

Example 4.41: Let V = {(111), (000), (100), (001)} u {(a, b) / 
a, b eZ 2 = {0, 1}} = V) u V 2 . V is a semigroup bivector space 
over the semigroup Z 2 = {0, 1} = S. 



b c 
e f 



a,b,c,d,e,f e 2Z + 
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Example 4.42: Let 



V = {(a, b, c)| a, b, c e Z + } u 

= V,uV 2 . 



^a 

v° a y 



a.ce 2Z + 



V = Vi u V 2 is a semigroup bivector space over the semigroup 



Example 4.43: Let 

V = {(000), (00), (01), (111), (001), (Oil)} u {(1 1 1 1), 

( 0000 ), ( 0101 ), ( 1101 ), ( 000 ), ( 111 ), ( 11111 ), 
( 00000 ), ( 10101 )} 

= Vi u V 2 . 



V is a semigroup bivector space over the semigroup Z 2 = {0,1} 
under addition modulo 2. Vi n V 2 = {(000), (1 1 1)} ^ ()>. But V] 
<Z V 2 and V 2 ^_Vi. 



Now we proceed on to define the new notion of semigroup 
bivector subspace of a semigroup bivector space V. 

DEFINITION 4.14: Let V = Vj u Vi be a semigroup bivector 
space over the semigroup S. Let W - W\ UW2 crVi UV2 - V 
be a proper biset of V, if W is a semigroup bivector space over S 
then we call W to be the semigroup bivector subspace of V over 
the semigroup S. Clearly W , ^ W 2 and W/ c? W 2 and W 2 <Z W t 
with W/ cz V/ and W 2 Q V 2. 



We now illustrate this definition by some examples. 



Example 4.44: Let V = Vi u V 2 be a semigroup bivector space 
over the semigroup S = Z + . Let 



V, = 



^a a a^ 



v a a a y 



aeZ + u{0} 
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and 

V 2 = {3Z + x 5Z + }. 

Vi is a semigroup vector space over the semigroup S = Z + and 
V 2 is a semigroup vector space over the semigroup S = Z + . 

Thus V is a semigroup bivector space over the semigroup S 
= Z + . 

Take 

a a a^i 

a g 3Z + u {0} \ c Vi 
a a a ) I 

and 

W 2 = 3Z + x{0} cV 2 . 

W = Wi u W 2 is a semigroup bivector space over the semigroup 
S = Z + . W is a semigroup bivector subspace of V = Vi uV 2 
over the semigroup S = Z + . 

Example 4.45: Let V = {(1110), (0000), (1010), (1000), (00), 
(11), (10)} u {(11111), (00000), (000), (111), (11011), (101)} = 
Vi uV 2 be the semigroup bivector space over the semigroup S 
= Z 2 . W = {(0000), (1111)} u {(000), (101)} cViuV 2 isa 
semigroup bivector subspace of V over S = Z 2 . 

Now we proceed on to define the bidimension and bigenerator 
of the semigroup bivector space. 




DEFINITION 4.15: Let V = V ) uV 2 be a semigroup bivector 
space over the semigroup S. 

Let X = X] uX 2 c~ V/ uV 2 , if X 2 generates the semigroup 
vector space V; over the semigroup S and X 2 generates the 
semigroup vector space V 2 over the semigroup S then , X = X; 
uX 2 is the bigenerator of the semigroup bivector space V over 
the semigroup S. 

The bidimension of V is IX/I U \X 2 \ or (\Xj\, \X 2 \) over the 
semigroup S. If even one of IX; I or \X 2 \ is infinite we say the 
bidimension ofV is infinite. 



152 




Example 4.46: Let V = Vi u V 2 = {(000), (111), (010), (001), 
(00), (01)} u {(a a a a) / a e Z 2 = {0, 1}} be the semigroup 
bivector space over the semigroup S = Z 2 = {0,1}. X = {(111), 
(010), (001), (01)} u ((1111)}; bigenerates V over S = Z 2 = 
{0,1} so the bidimension ofV is (4,1) or {4} u {1) over S. 

Example 4.47: Let V = {(a b c) / a, b, c e Z + } u {(a a a a a) / a 
e Z + } be the semigroup bivector space over the semigroup S = 
Z + . Take X = {(a b c) / a, b, c e Z + } u {(11111)} c V) u V 2 , X 
is a bigenerator of V and the bidimension of V over S is {co} 
u { 1 } = {oo, 1 } . Thus V is an infinite bidimensional semigroup 
bivector space over S = Z + . 

Now we proceed on to define the notion of semigroup bilinear 
algebra over the semigroup. 

DEFINITION 4.16: Let V = Vi u V 2 be such that V) is a 
semigroup linear algebra over the semigroup S and V 2 is a 
semigroup linear algebra over the semigroup S. with V/ ^ V 2 , 
V j <£ V 2 and V 2 <Z V). 

Then we call V to be the semigroup bilinear algebra over 
the semigroup S. 

We illustrate this by few examples. 

Example 4.48: Let 
V = ViuV 2 

= {( 1 1 1 ), ( 000 ), ( 110 ), ( 101 ), ( 100 ), ( 010 ), ( 001 ), 

={o,i}j. 



(Oil)} u 



^a a^ 



aeZ, 



V is a semigroup bilinear algebra over the semigroup S = Zi = 

{ 0 , 1 }. 

Example 4.49: Let V = Vi u V 2 = {Z 5 [x]} u {Z 5 x Z 5 x Z 5 }. V 
is a semigroup bilinear algebra over the semigroup Z 5 . 
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Example 4.50: Let 



V = Vi u V 2 = {Z + x Z + x Z + } u 



a a x 



^a. a a y 



a e 2Z + 



V is a semigroup bilinear algebra over the semigroup S = Z + . 

We see all semigroup bilinear algebras defined over the 
semigroup are semigroup bivector spaces but a semigroup 
bivector space in general is not a semigroup bilinear algebra. 

To this end we give an example. 

Example 4.51: Let V = Vi u V 2 = {(111), (000), (1 1), (00)} u 
{(0000), (1111), (1101), (0110)}. V is a semigroup bivector 
space over the semigroup S = Z 2 = {0,1}. 

Clearly V is not a semigroup bilinear algebra over Z 2 = 
{0,1} as Vi is not a semigroup under addition and V 2 is also not 
a semigroup under addition. Hence the claim. 

It may so happen in V = V t u V 2 we may have V! to be a 
semigroup linear algebra over the semigroup S and V 2 is only a 
semigroup vector space, in such cases we define a new algebraic 
structure. 



DEFINITION 4.17: Let V - V / u V 2 be such that V/ is a 
semigroup linear algebra over the semigroup S and V 2 is only a 
semigroup vector space over S with V h ^V 2 , V 2 ^ V 2 and V 2 
V /. Then we call V - Vj uV 2 to be a quasi semigroup 
bilinear algebra over S. 

We illustrate this by the following examples. 

Example 4.52: Let 

V = VjuV, 

= {(000), (111), (01), (10), (11), (00), (100)} 
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V i is only a semigroup vector space over the semigroup S = Z 2 
= {0,1}. V 2 is a semigroup linear algebra over the semigroup S 
= Z 2 = {0, 1}; V! ^V 2 . So V is a quasi semigroup bilinear 
algebra over the semigroup S = Z 2 = {0,1}. 

It is interesting to note that all semigroup bilinear algebras are 
quasi semigroup bilinear algebras but converse is never true. 
Also all quasi semigroup bilinear algebras are semigroup 
bivector spaces but the converse is not true. 

Example 4.53: Let 



f 


' a a^ 


'b b 


b' 


u 1 


V = 








a,b e Z, 


I 


v a a y 


v b b 




J 



u {(110), (0000), (00000), (11111), (1101), (000)} 

= Vi u V 2 . 



V is a semigroup bivector space over the semigroup S = Z 2 = 
{0, 1}. Vi is only a semigroup vector space also V 2 is only a 
semigroup vector space over Z 2 . So V = V) uV 2 is only a 
semigroup bivector space over Z 2 and never a quasi semigroup 
bilinear algebra over S = Z 2 = {0,1}. 

Example 4.54: Let 



V 



Vi u V 2 

{(000), (1 1 1), (1 10), (1 1 1 1 1 1), (000000), (1 11000), 
(101010)} 



V i is only a semigroup vector space over the semigroup S = Z 2 
= {0, 1}. V 2 is a semigroup linear algebra over the semigroup S 
= Z 2 = {0, 1}. Thus V = = Vi u V 2 is only a quasi semigroup 
bilinear algebra over Z 2 = {0, 1}. 
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Thus a quasi semigroup bilinear algebra can have quasi 
semigroup bilinear subalgebra as well as quasi semigroup 
bivector subspaces. 

DEFINITION 4.17: Let V — Vj uV 2 be a quasi semigroup 
bilinear algebra over the semigroup S. Here Vj is a semigroup 
linear algebra over S and V 2 is a semigroup vector space over 
S. 

Let W = W 1 u W 2 c V] u V 2 where W/ is a semigroup 
linear subalgebra of V / and W 2 is only a semigroup vector- 
sub space of V 2 . Then W — Wj uW 2 is the quasi semigroup 
bilinear subalgebra ofV. 

If P = Pi u P 2 c Vi u V 2 is such that Pi is only a semigroup 
vector subspace of the semigroup linear algebra V 1 over S and 
P 2 is a semigroup vector subspace of the semigroup vector space 
V 2 then we call P P , u P 2 to be the quasi semigroup bivector 
subspace of V = Vi u V 2 over the semigroup S. 

Example 4.55: Let 



V = ViuV, 

= {(000), (1 1 1), (100), (010), (001), (110), (011), 



(101)} u 



^a a^ ^ 



v a a y 



b b b^ f 
b b b 



0 ^ 

0 



a,b g Z 9 



V is a quasi semigroup bilinear algebra over the semigroup S = 
Z 2 = {0,1}. Take 



W 



W,uW 2 

{(000), (100), (010)} u 



0" 


1 


0, 


a g Z 2 | 



Vi u V 2 . 



W is only a semigroup bivector space over the semigroup S 
= Z 2 = {0, 1}. So W is a quasi semigroup bivector subspace of 
V over Z 2 = {0, 1}. Let 
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P = PlUP 2 



c V = Vi u V 2 . 



r 


( 




X 


( 


X 


1 




a 


a 


a 




a 


a 




u 














aeZ, 


1 


l a 


a 


a J 




l a 


a J 


J 



P is a quasi semigroup bilinear subalgebra over the 
semigroup S = Z 2 = {0,1}. 

Now have seen the substructures of a quasi semigroup bilinear 
algebra we proceed on to define bidimension and bigenerating 
subset of the quasi semigroup bilinear algebra. 

DEFINITION 4.18: Let V - Vj U V 2 be a quasi semigroup 
bilinear algebra over the semigroup S. Let X = Xj uX 2 c:Vi u 
V 2 where X/ generates the semigroup linear algebra V i and X 2 
generates the semigroup vector space V 2 over S. 

Then X — X 2 u X 2 is called the bigenerator of V and the 
bidimension of V is (\Xj\, \X 2 \) or (\Xj\ u \X 2 \. 

We illustrate this situation by some examples. 

Example 4.56: Let V = Vi u V 2 = {(a, a, a) | a e Z 2 } u {(1 1 
1 ), (0 0 0 ), (1 1 0 ), (1 1 1 0 ), (0 0 0 0 ), (1 1 0 0 ), (1 1 6 1 ), (1 1 0 
0 1), (0 0 0 0 0), (1 1 1 0 1)} be a quasi semigroup linear 
algebra over Z 2 . LetX= {(1 1 1)} u {(1 1 1), (1 1 0), (1 1 1 0), 
(1 1 0 0), (1 1 0 1), (1 1 0 0 1), (1 1 1 0 1)} cVjU V 2 , X is a 
bisubset of V which bigenerates V. The bidimension of X is 
{1}U{7}=(1,7). 

Example 4.57: Let V = V) u V 2 = {(1 1), (1 0), (0 0), (1 1 1), 

(0 0 0), (1 1 1 1 1), (0 0 0 0 0), (1 1 0 0 0), (0 1 1 ), (1 0 1 0 1)} 



be a quasi semigroup linear algebra over the semigroup Z 2 = {0, 

il- 



ls - 




X 



= {(1 1), (1 0), (1 1 1), (1 1 1 1 1), (1 1 0 0 0), 
(0 1 1), (1 0 1 01 )} u 1^1 jjj 

is the bigenerator of V. The bidimension of V is {7} u {1} = 

(7,1). 

We see from these examples the dimension of the 
semigroup linear algebra V is less than the dimension of 
semigroup vector space V. Same V for which *+’ is taken and 
for the other *+’ operation is not taken. 

We illustrate this situation by an example. 

Example 4.58: Let V = {(1 1 1), (1 0 0), (0 1 0), (0 0 1), (1 1 0), 
(1 0 1), (0 1 1), (0 0 0)} be a semigroup linear algebra over the 
semigroup Z 2 = {0, 1}. Suppose V = {(1 1 1), (1 0 0), (0 1 0), (0 
0 1), (1 1 0), (1 0 1), (0 1 1), (0 0 0)} be a semigroup vector 
space over Z 2 = {0,1}, the semigroup under addition. Dimension 
of V as a semigroup linear algebra is three given by the 
generating set X = {(1 0 0), (0 1 0), (0 0 1)}. The dimension of 
V as a semigroup vector space is 7 given by the generating set X 
= {(1 1 1), (1 0 0), (0 0 1) (0 1 0), (1 1 0), (0 1 1), (1 0 1)}. Thus 
we see dimension varies or the dimension is small when the 
structure is a semigroup linear algebra V and the dimension is 
large for the same V when it is a semigroup vector space. 

Now we proceed onto define the new notion of group bivector 
spaces and group bilinear algebras. 

Definition 4.19: Let V = V, uV 2 be such that V, * V 2 , V/ 
g£ V 2 and V 2 <£ V), V] and V 2 group vector spaces over the same 
group G, then we call V to be a group bivector space defined 
over the group G. 

We illustrate this by the following examples. 

Example 4.59: Let V = V 1 uV 2 where 
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and 



V 2 = {(a a a a a) | a e Z 3 }. 

V is a group bivector space over the group Z 3 = {0, 1, 2} 
addition modulo 3. 

Example 4.60: Let 

V = ViuV, 

= {(0 0 ), (1 1 ), (1 1 1 1 1 ), (0 1 ), (00 000 )} u 

G Z 2 = {0,1} j . 

V is a group bivector space over the group G = Z 2 = {0, 1} 
addition modulo 2. 



a a 



v a a y 



a a a 



^a a a y 



Example 4.61: Let V = V) u V 2 = {Z[x]} u { (Z x Z x Z)} be a 
group bivector space over the group G = Z, group under 
addition. 

We now define some interesting substructures of group bivector 
spaces. 

DEFINITION 4.20: Let V - V) u V 2 be a group bivector space 
over the group G. W = Wi u VL> c: V/ (_y V 2 is said to be a group 
bivector subspace of V over G if W itself is a group bivector 
space over G. 

We illustrate this by some examples. 

Example 4.62: Let 
V = ViuV 2 

= {(0 0 0 ), (1 1 1 ), (0 0 0 0 ), (1 1 1 1 ), (1 1 0 0 ), (0 0 1 1 )} 

aeZ 2 1 



u 



a a 



a a 



a a a 



a a a 
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be the group bivector space over the group G = Z 2 = {0, 1} 
under addition. Take 




be a group bivector space of V over Z. Take 
W = W,uW 2 
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{2Z[x]} u 



a,b,c,d e Z| cz Vi u V 2 ; 

W is a group bivector subspace of V over Z. 

Now we define the notion of pseudo semigroup bivector 
subspace. 

DEFINITION 4.21: Let V - V I uV 2 be a group bivector space 
over the group G. Let W = VL, uW 2 c^Vi u V 2 and H cr G be a 
semigroup of the group G. If W is a semigroup bivector space 
over the semigroup H then we call W to be a pseudo semigroup 
bivector subspace of V. 

Example 4.65: Let V = Vi u V 2 = {Z[x]} u { (a, b, c) | a, b, c, 
e Z} be a group bivector space over the group Z. Take W = Wi 
u W 2 = {Z + [x]} u {a, b, c) | a, b, c e Z + } cV[U V 2 ; W is a 
semigroup bivector space. W is a pseudo semigroup bivector 
subspace of V over the semigroup Z + c Z. 

Example 4.66: Let 

V = VjuV, 

a,b,c,d,e,f e z|u 
{(a, b c d) | a, b, c, d e Z} 
be a group bivector space over the group Z. Take 

W = WiuW 2 

a,b,c,d,e,f eZ + u{0}| u 

{(a, b, c, d) | a, b, c, d e 2Z + u{0}}cViuV 2 ; 

W is a pseudo semigroup bivector subspace of V over the 
semigroup 2Z + u {0}. 
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Example 4.67: Let 



V = ViuV 2 

= {(a b c d) | a, b, c, d g Z} u 



f 


fa b^ 


^a a a^ 


1 








a,b,c,d g Z 


l 


v C d J 


^3. 3 3 y 


J 



be a group bivector space over the group Z. Take 



W = WiuW 2 

= {(a 0 b 0) | a, b e Z + u {0} } u 

r •&. b^| 

a,b,c,deZ u{0}[c VjUVj. 

c d 



W is a pseudo semigroup bivector subspace of V over the 
semigroup Z + u {0}. 

Now we proceed onto define the substructure pseudo set 
bivector subspace of a group bivector space. 

DEFINITION 4.22: Let V - V] u V 2 be a group bivector space 
over the group G. Let W = VT, u cc V/ UV 2 = V, take S a 
proper subset of G. IfW is a set vector space over the set S then 
we call W to be the pseudo set bivector subspace of V over the 
set S. 



We now illustrate this by the following example. 



Example 4.68: Let V = Vi u V 2 be a group bivector space over 
the group G = Z; where 

Vi = {(a, b, c, d) | a, b, c, d e 2Z} 

and 



Take 




b' 



a,b,c,d g Z 
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W = W,uW 2 

= {(a b c d) | a, b, c, d g 2Z + u {0} } u 

a,b,c,d g 2Z + u {0} 

c ViuV 2 = V, 



{'a b 

jl c d 



W is a pseudo set bivector subspace over the set S = {0, 2, 2 2 , 
2 4 , 2 8 , ...,2 2n |n g N}. 

Next we proceed onto define the notion of bisemigroup bivector 
group space. 



DEFINITION 4.23: Let V - Vj u V 2 , where Vj is a semigroup 
vector space over the semigroup S/ and V 2 is a semigroup 
vector space over the semigroup S 2 , (Si & S 2 , Si S 2 and S 2 

Si). Also Vi ^ V 2 , Vj <£ V 2 and V 2 cjL V h We call V to be the 
bisemigroup bivector space over the bisemigroup S - Si uS 2 . 

We illustrate this by the following examples. 



Example 4.69: Let V = V, u V 2 where 

V! = {(a, a, a) | (a g Z 6 } 



and 



V 2 = 






1 


a 


a g Z + 




J 



V is a bisemigroup bivector space over the bisemigroup 
S = Z 6 u Z + . 

Example 4.70: Let V= Vi uV 2 = {Z + [x]} u {Q + x Q + }, V is a 
bisemigroup bivector space over the bisemigroup 3Z + u 5Z + . 

Example 4.71: Let V = V| uV 2 where 

\f a a^i 1 

Vi = < aG2Z + 

a J J 
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is a semigroup vector space over the semigroup 2Z + and V 2 = 
{a, a, a} | a g 3Z + } is the semigroup vector space over the 

semigroup 3Z + . V is a bisemigroup bivector space over the 

bisemigroup S = 2Z + u 3Z + . 

Example 4.72: Let V = Vi u V 2 where 

Vi = {Z + x Z + x Z + } 

and 

\( a b3 1 

Vt = \ a, b, c, d g 3Z > . 

d ) J 

V is bisemigroup bivector space over the bisemigroup S = 2Z + 
u3Z + . 

The notion of bisemigroup bivector subspace can be defined as 
in case of other bivector spaces. 

Next we proceed onto define the notion of bisemigroup 
bilinear algebra defined over the bisemigroup S = Si u S 2 . 

DEFINITION 4.24: Let V = V/ u V 2 where V/ is a semigroup 
linear algebra over the semigroup Si and V 2 is a semigroup 
linear algebra over the semigroup S 2 (Vi & V 2 , V; V 2 ; V 2 gt 
Vi) (Si ^ S 2 ; Si gt 5 2 and S 2 Si). Then we call V to be the 
bisemigroup bilinear algebra over the bisemigroup S = Si uS 2 - 

We illustrate this by the following examples. 

Example 4.73: Let V= Vi u V 2 = 




and 

V 2 = (a b c d) | a, b, c, d g 3Z + } 

be the bisemigroup bilinear algebra over the bisemigroup S = 
2Z + u 3Z + . 
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Example 4.74: Let V = Vj u V 2 = {(1 1), (0 0), (0 0 0), (1 1 1)} 
u {(a b c d) | a, b, c, d e Z + be the bisemigroup bivector space 
over the bisemigroup S = Z 2 u Z + . Clearly V is not a 
bisemigroup bilinear algebra over S. 

In view of this we have the following. 

Every bisemigroup bilinear algebra is a bisemigroup 
bivector space but in general a bisemigroup bivector space is 
not a bisemigroup bilinear algebra. The above example is a 
semigroup bivector space which is not a bisemigroup bilinear 
algebra. 

We now proceed onto define the notion of bisemigroup bilinear 
subalgebra. 

DEFINITION 4.25: Let V = V / u V 2 be a semigroup bilinear 
algebra over the bisemigroup S - Sj u S 2 - Let W - W 2 uW 2 cr 
V, u V 2 if (Wi * W 2 W, £ W 2 and W 2 £ Wfand W is itself a 
bisemigroup bilinear algebra over S then we call W to be a 
bisemigroup bilinear subalgebra over the bisemigroup S - Si U 

S 2 . 

We illustrate this by the following example. 

Example 4.75: Let V = Vi u V 2 = {Z + [x]} u Z + x Z + x Z + } be 
the bisemigroup bilinear algebra over the bisemigroup S = 3Z + 
u 5Z + . Take W = W,uW 2 = {3Z + [x]} u {Z + x {0} x Z + } c 
Vi u V 2 , W is a bisemigroup bilinear subalgebra of V over the 
bisemigroup S. 

Example 4. 76: Let 

V = ViuV 2 

= {(a, b) such that a,be Z 10 } u 

a, b, c,d e Z + 



jf a b 

|l c d 
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be a bisemigroup bilinear algebra over the bisemigroup S = Z 10 
u Z + . Take 



W = W, uW 2 

= {(a, a) | a g Z 10 } u = 

c ViuV 2 



^a a ^ 1 



v a a y 



a gZ + 



W is a bisemigroup bilinear subalgebra of V over the 
bisemigroup S = Z i0 u Z + . 

Example 4.77: Let 

V = ViuV 2 



= {(a, a) | a g 5Z + } u 



^a a^ 



a a 



v a a y 



a g 7Z + 



be a bisemigroup bilinear algebra over the bisemigroup S = 5Z + 
u 7Z + . Take 



W = W,uW 2 

= {(a, a) | a g 15 Z + } u 

cV,u V 2 ; 



^a a^ 



a a 



v a a y 



a g 14Z + 



W is a bisemigroup bilinear subalgebra of V over the 
bisemigroup S = 5Z + u 7Z + . 

Example 4.78: Let V = Vi u V 2 = {7Z + [x]} u {5Z + x 5Z + x 
5Z + } be a bisemigroup bilinear algebra over the bisemigroup S 
= 7Z + u 5Z + . Take W = W,uW 2 = {14Z + [x]} u {5Z + x x 
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5Z + } cV,u V 2 , W is a bisemigroup bilinear subalgebra over 
the bisemigroup S = 7Z + u 5Z + . 

Now having seen the definition of semigroup bilinear 
subalgebra we now proceed on to define the notion of 
bidimension of the bisemigroup bilinear algebra over the 
bisemigroup. 

DEFINITION 4.26: Let V — V7 u V 2 be the bisemigroup bilinear 
algebra over the bisemigroup S - S/ uS 2 . Take X - Xj uX 2 cr 
V] u V 2 ; if Xj generates Vj and X 2 generates V 2 then we say X 
bi generates V over the bisemigroup S - Sj u S 2 . 

The cardinality of X 2 uX 2 is given by IX/I u \X 2 \ or (\X 2 \, 
\X 2 \), called the bidimension of the bisemigroup bilinear 
algebra V - Vj u V 2 . If even one of X t or X 2 is of infinite 

dimension then we say the bidimension of V is infinite, only 

when both X i and X 2 are of finite cardinality we say V is of 
finite bidimension over the bisemigroup S. 

Example 4.79: Let V = V 3 u V 2 = {(1 0), (0 1), (0 0), (1 1 1), 

(0 0 0), (1 0 1)} u {(1 1 1), (3 3 3), (2 2 2), (0 0 0), (1 0 0), 

(2 0 0), (3 0 0)} be the bisemigroup bivector space over the 
bisemigroup S = Z 2 u Z 4 . Let X = {(1 0), (0 1), (1 1 1), (1 0 1)} 
u {(1 1 1), (1 0 0)} = Xj u X 2 be the bigenerator of V. The 
bidimension of V is (4, 2). 

Example 4.80: Let V = Vi u V 2 = {Z 2 [x} u {(a a a) | a e Z 5} 
be the bisemigroup bilinear bialgebra over the bisemigroup S = 
Z 2 u Z 5 . Let X = {1, x, x” } u {(1 1 1)} =X,uX 2 cViU 
V 2 be the bigenerator of V. Clearly bidimension of V is (00, 1 ) 
or go u { 1 } so V is of infinite bidimension over S. 

Example 4.81: Suppose V = Vi u V 2 = {(1 1 1), (1 1 1 1), (0 0 
1), (0 0 0), (1 0 0), (1 1 0 0), (0 0 0 0)} u {Z 3 X Z 3 X Z 3 } be the 
bisemigroup bivector space over the bisemigroup S = Z 2 u Z 3 . 
Let X = {(1 1 1), (1 1 1 1), (0 0 1), (1 0 0), (1 1 0 0)} u 
{(1 0 0), (0 1 0) (0 0 1), (1 1 0), (0 1 1), (1 0 1), (1 2 0), (1 1 1), 
(1 0 2), (0 1 2), (1 2 2), (2 1 2), (2 2 1) etc} = X 3 u X 2 which is 
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the bigenerator of the bisemigroup bivector space over the 
bisemigroup. The bidimension of V over S is (5 u 26). 



Example 4.82: Let 

V = Vi u V 2 

- {2Z + [x]}u 




b l 

d. 



a, b, c, d e 3Z + L 



be a bisemigroup bivector space over the bisemigroup S = 2Z + 
u 3Z + . Clearly the bidimension of V is infinite. 

Now we proceed onto define the notion of bigroup bivector 
space over the bigroup. 



Definition 4.27: Let V = V, u V 2 , such that V, * V 2 , V j v 2 , 

V 2 V/. If V/ is a group vector space over the group Gj and V 2 
is a group vector space over the group G 2 (G t ^ G 2 , G 7 c£ G 2 
and G 2 Q- Gi) then we say V - V 2 u V 2 is a bi group bivector 
space over the bigroup G - Gj u G 2 . Clearly if V] and V 2 are 
just set it is sufficient to define bigroup bivector space over a 
bigroup. 

Example 4.83: Let V = V) u V 2 be a bigroup bivector space 
over the bigroup G = Z 3 uQ where V) = Z 3 [x] and V 2 = Q x Q. 



Example 4.84: Let V = V) u V 2 = {(1 1), (0 0 ), (0 1), (1 1 1 0), 

(0 0 0 0), (0 1 0 0), (1 1 1 0 0), (0 0 0 0 0), (0 0 0 1 0)} u 



^a a^ 



v a a y 



and 



a a 



a a 



\ 


j 


a 


ae Z 




J 



be the bigroup bivector space over the bigroup G = Gj u G 2 = 
Z 2 u Z. Clearly both V) and V 2 are just sets. 

Example 4.85: Let V = Vi u V 2 = {Z 5 x Z 5 x Z 5 } u {Z 7 [x]} be 
the bigroup bivector space over the bigroup G = Z 5 u Z 7 . 
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Example 4.86: Let V = Vj u V 2 = {<(1 1 1), (2 0 0), (2 2 0), (0 
0 0))} u {<(1 5 7 2), (0 1 0 0), (0 0 0 0), (3 5 4 1), (1 2 3 4), (5 6 
7 0))} be the bigroup bivector space over the bigroup G = Z 3 u 
Z&. «, >; denotes generated over the related groups). 

Example 4.87: Let 

V = Vi u V 2 

a,b,c,d,e,f e Z 6 
x > y GZ io|> 

be a bigroup bivector space over the bigroup bivector space 
over the bigroup space over the bigroup G = Gj u G 2 = Z 6 u 
Zio- 

Now we proceed onto define the notion of substructures in 
bigroup bivector spaces. 

DEFINITION 4.28: Let V = V7 uV 2 be a bivector bispace over 
the bi group G = G, u G 2 . Let W = W } uW 2 <=V, uV 2 = V be 
such that Wj ^ W 2 . VL, (J W 2 or W 2 cji Wj if W itself is a 

bi group bivector space over the bi group G = G/ u G 2 then we 
say W is a bigroup bivector subspace of V over the bigroup G = 
G] uG 2 . 



|(a b c 

[U e f 

\( x 

yJ 



We now illustrate this situation by the following examples. 
Example 4.88: Let 



V 



ViuV 2 

{(a, a, a)| a e Z 6 } u 



\ f 

9 

7 V 



„ \ 


i 


a 


a g Z 8 




J 
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be the bigroup bivector space over the bigroup G = Z 6 u Z 8 . Let 



W = {(a, a, a) | a g {0, 3}} 
= Wiu W 2 . 



^a a^ 



V a a y 



aeZ» 



W is the bigroup bivector subspace of V over the bigroup G 
Z 6 Z 8 . 

Example 4.89: Let 

V = V!UV 2 



{(a a a), (a a), (a a a a)j a g Z} u 



^a b^ 
v c d y 



a,b,c,d g Z 2 



be the bigroup bivector space over the bigroup G = ZuZ 2 . 



W = {(a, a, a) | a g Z} u j 

= Wi u W 2 c Vi u V 2 



f a a^ 



v a a y 



a g Z, 



is the bigroup bivector subspace of V over the bigroup G = Zu 
Z 2 . 

Example 4.90: Let V = Vi u V 2 = {(a a a), (a a a a a), (a a), (a a 
a a a a a)| a g Z 5 } u Z 2 [x] be the bigroup bivector space over 
the bigroup Z 5 u Z 2 . 

Take W = Wi u W 2 = {(a a a), (a, a, a, a, a, a, a) | a g Z 5 } u 
{all polynomial of even degree with coefficients from Z 2 } cr \\ 
u V 2 is a bigroup bivector subspace of V over the bigroup G = 
Z 5 Lt Z 2 . 



Next we define pseudo bisemigroup bivector subspace of a 
bigroup bivector space V. 
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DEFINITION 4.29: Let V - V ) uV 2 be a bigroup bivector space 
over the bi group G = Gj u G 2 . Let W = Wj u W 2 c: V t uV 2 
( such that Wj ^ W 2 , Wj W 2 , W 2 gt W 2 ) where Wj is a 
semigroup vector space over the semigroup Hj contained in Gi 
and W 2 is a semigroup vector space over the semigroup H 2 
contained in G 2 Hj gt H 2 , H 2 Hj, H / ^H 2 . 

Then we call W = Wj u W 2 to be the pseudo bisemigroup 
bivector subspace of the bigroup bivector space V over 
H = H , u H 2 c: G i uG 2 , H the bisemigroup contained in the 
bigroup. 

We illustrate thus by the following examples. 

Example 4.91: Let 



V 



Vi u V 2 

{(a a a a), (a a a) |a e Z} u 



d 



a,b,c,d 



be the bigroup bivector space over the bigroup G = Zu Z n . 
Take 

W = WjuW 2 

= {(a a a a), | a g Z } u 

a, b, d e {0, 2, 4, 6, 8, 10} 



j^a b 

[to d 



c ViuV 2 . 



W is the pseudo bisemigroup bivector subspace over the 
bisemigroup 

Z + u {0, 6} = H = H! u H 2 . 
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Example 4.92: Let 



V = ViuV 2 



( a a) 



v a a J 



( a a 



a a a 



^ a a a y 



a g Z 



u 



{(a a a a), (a a), (a a a) | a e 2Z} 

be the bigroup bivector space over the bigroup 3Z u 2Z. 
Take 



W = WiuW 2 



(a a) 



V a a j 



a g 3Z > u {(a a a a) | a g 2Z}, 



W is the pseudo bisemigroup bivector subspace of V over the 
bisemigroup H = 3Z + u 2Z + c3Zu 2Z. 

Example 4.93: Let 

V = ViuV 2 

= {Z[x]} u {(a a a a), (a a) | a g 2Z} 

be the bigroup bivector space over the bigroup G = 3Z u 2Z. 
Let 

W = {Z + [x]}u {(a a) | a g 2Z} 



c ViuV 2 



be the pseudo bisemigroup bivector subspace over the 
bisemigroup H = 3Z + u 2Z + . 
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Now we define yet a new mixed structure which we call as 
quasi bigroup bivector space. 

DEFINITION 4.30: Let V — Vi u V 2 where Vj is a semigroup 
vector space over the semigroup Sj and V 2 is the group vector- 
space over the group G,. Then we call V = Vj u V 2 to be the 
pseudo bigroup bivector space over the pseudo bigroup 
G = S, uGj. 

We illustrate this situation by the following example. 

Example 4.94: Let 

V = ViuV 2 

= {Z 5 [x]} u {Z + X Z + X Z + } 

be the pseudo bigroup bivector space over the pseudo bigroup G 

= Z 5 u Z + . 

Example 4.95: Let 

V = Vi u V 2 

+ |Y a a^l 
= Z [x] u \ a g Z 12 

[v a a) 

be the pseudo bigroup bivector space over the pseudo bigroup G 
= Z + u Z 12 where Z + is the semigroup and Z 12 is the group under 
addition modulo 12. 

Example 4.96: Let 

V = V,uV 2 

a, b g 3Z + 1 u {Z 20 [x]} 
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be the pseudo bigroup bivector space over the pseudo bigroup G 

— 3Z vj Z 20 . 



The author leaves it as an exercise for the reader to define 
various substructures of this structure and bigenerator and 
bidimension. 

Now we proceed onto generalize this to n-set n-vector spaces 
set n-vector spaces n > 3, in the following chapter. 
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Chapter Five 



St n- V ector Spaces and their 
Generalizations 



In this chapter we for the first time introduce the notion of set n- 
vector spaces, semigroup n-vector spaces and group n-vector 
spaces (n > 3) when n = 2 we get set bivector spaces, semigroup 
bivector spaces and so on. 

DEFINITION 5.1: Let V - Vj u ... u V„, each V, is a distinct set 
with Vj gt Vj or Vj gt V, if i ^j; 1 <i, j <n. Let each V, be a set 
vector space over the set S, i = 1, 2, n, then we call V = Vj u 
V 2 u ... uV n to be the set n-vector space over the set S. 

We illustrate this by the following examples. 

Example 5.1: Let 



V 



V! u V, u V 3 u V 4 

{(1 1 1 ), (0 0 0 ), (1 0 0 ), (0 1 0 ), (1 1 ), (0 0 ), (1 1 1 1 ), 

(1 0 0 0 ), (0 0 0 )} u 




a g Z 2 = {0, 1} 



u {Z 2 [x]}. 
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V is a set 4 vector space over the set S = {0, 1 } . 

Example 5.2: Let 

V = Vi u V 2 u V 3 u V 4 u V 5 u V 6 

= If 1 a g Z + 1 u {Z + x Z + x Z + } u {(a, a, a), 



v a a y 



(a, a, a, a, a) | a g Z + } u \ 



f a^ 



a g Z + 



u {Z + [x]} 



V a y 



g Z + ; 1 < i < 6 

be the set 6-vector space over the set S = Z + . 
Example 5.3: Let 

V = V, u V 2 u V 3 

= {Z 6 [x]} u {Z 6 x Z 6 x Z 6 } u 



a a 
a a 



a g Z, 



r 


/ „ 










a 2 


3 1 


u i 


v a 4 


a s 


a 6j 



be the set 3 vector space over the set S = {0, 2, 4}. We call this 
also as set trivector space over the set S. Thus when n = 3we 
call the set n vector space as set trivector space. 

We define set n-vector subspace of a set n-vector space V. 

DEFINITION 5.2: Let V = V I u ... uV„ be a set n-vector space 
over the set S. IfW= W/ u ... uW n with W t i ^ j, W \ $£ 
Wj and Wj £ W b 1 <i, j <n and W=W 1 uW 2 u... u W n c V, 

uV 2 u ... uV n and W itself is a set n-vector space over the set 
S then we call W to be the set n vector subspace of V over the 
set S. 
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We illustrate this by a simple example. 
Example 5.4: Let 



V = V1UV2UV3UV4 

= {(a, a, a), (a, a) | a e Z + } u 



^a a^ 

v b by 



a, b g Z + u 



{Z + [x]} u 






v a y 



aeZ + 



V is a set 4-vector space over the set S = Z + . Take 
W = WiuW 2 uW 3 uW 4 



= {(a, a, a) | a e Z + } u 



^a a^ 



0 0 



a£Z + u 



{all polynomial of even degree} u 






v a y 



a e 2Z + 



V l uV,uV,u V 4 



= V, 



is a set 4-vector subspace of V over the set S = Z + . 

We can find several set 4-vector subspaces of V. 

Now we proceed on to define the n-generating set of a set n- 
vector space over the set S. 



DEFINITION 5.3: Let V — Vi u ... uV n be a set n-vector space 
over set S. Let X - X] u ... uX n crVj uV 2 u ... uV„ = V. If 
each set X, generates V, over the set S, i - 1, 2, ..., n then we say 
the set n vector space V = V 1 U ... uV n is generated by the ri- 
se t X = X 1 uXy u ... uX n and X is called the n- generator of V. 
If each ofXj is of cardinality n i = 1, 2, .... n then we say the 11 - 
cardinality of the set n vector space V is given by IX/ 1 u ... u 
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IX, , I - /1X/I, \X 2 \, ..., IX, ,1 j = {(tii, n 2 , ..., n n )j. If even one of the 

X, /.v of infinite cardinality we say the n-cardinality of V is 
infinite. Thus if all the sets X h .... X„ have finite cardinality then 
we say the n-cardinality ofV is finite. 

We now illustrate this by the following examples. 

Example 5.5: Let 



V = V 1 UV 2 U...UV 5 

= {(a, a, a) | a g {0, 1}} u 



^a a ^ 1 



v a ay 



''a a a ^ 



^a a a y 
( a bC 

v a by 



a g {0, 1} | u 
a g {0, 1} j u {(a, a, a, a)} a g {0, 1}} u 
a,b g {0, 1} , a bl 



be a set 5-vector space over the set S = {0, 1 } . 
Choose 



X - {(11 1)} u 



1 1 

vl b 



1 0 
1 0 



0 1 
0 1 



u 



A 



1 1 X 
1 1 1 



u {(1 1 1 1 )} u 



c Vi uV 2 u ... u V 5 = V. 



It is easily verified each X ; generates Vi, i = 1, 2, ..., 5. Thus X 
= Xi u X 2 u ... u X 5 is the 5-generator set of the set 5-vector 
space over the set S. In fact each set X ; is of finite cardinality, so 
V is a set 5-vector space of finite 5-dimension. In fact the 5 
dimension of V is {1, 1, 1, 1, 2}. 

One of the important and interesting factor to observe about 
these set n- vector spaces over the set S, is at times they can have 
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one and only one generating set. The example 5.5 is one such 
case. 

Now we proceed onto give yet another example of a set n- 
vector space V over a set S. 

Example 5.6: Let 



V = V 1 uV 2 uV3uV4uV 5 

= {(a, a, a) | a e Z + } u {Q + x Q + } u {Z + [x]} u 

7 a bV 

| a, b, c, d g Z + } u <| | ||aeQ + 



c d 



^ a a a a j 



be a set 5-sector space over the set S = Z + . Take 



X = X1UX2UX3UX4UX5 

= {(1 1 1)} u {an infinite set of pairs including (1, 1)} u 

Vl 15 



{1, x, ..., x n and an infinite set} u 



vl b 



infinite set of 2 x 2 matrices} u 



with an infinite set 



^a a a a^ 



1111 

vl l 1 b 



a g Q + 



with an 



together 



X is a 5-generating set. In fact X is an infinite 5-generating 
subset of V = Vi u ... u V5. 



Example 5. 7: Let 



V 



V[ u V 2 u V 3 u V 4 u V 5 
{Z + } u {(a a a) | a e Z + } u 



aeZ + u 
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{ki (1 + x 2 + x), k 2 x, k 3 x 3 , k 4 (x 7 + 1), k 5 (x 8 +l), 
k 6 (x 13 + 1 + 2x); k ; e Z + ; 1 < i < 6} u 



' 


/ 








\ 


' 




a 


a 


a 


a 


a 








a 


a 


a 


a 


a 




a g Z + 




v a 


a 


a 


a 


X 







be a 5 set vector space over the set S = Z + . 
Take 



X 



{ 1 } u {(1 1 1 )} u 



'l \> 
1 1 



U {1 + X 2 + X, X, x 3 . 





f i 1 


1 


1 


lY 


x 7 + l,x 8 + 1, x L + 2x + 1} u < 


1 1 


1 


1 


1 




v 1 1 


1 


1 


U 



V 1 UV 2 UV 3 UV 4 U V 5 . 



Clearly X, 5-generates V i.e., X is the unique 5-generator of V. 
Further V is 5-fmitely generated and 5 -dimension of V is {1 u 1 
u 1 u 6 u 1} = (1, 1, 1,6, 1). 

We now proceed onto define the n-set basis of the n-set 
vector space V over S. 



DEFINITION 5.4: Let V = Vi uV 2 ty ... uV n be a set n-vector 
space over the set S. Suppose X - Xj u ... u X„ is a n-set 
generating subset ofV- Vj u ... uV„ then we call X to be the 
n-set basis ofV. IfX ~ ( IX; I, IX 2 I, \X n \ ) in which each IX, I < 
oc, 1 <i <n, then we say V is finitely n set generated by the n-set 
X and is of 11 -dimension (IX;I, IX 2 I, IX„lj. Even if one of \X ,1 - 
00 we say V is infinitely n-set generated by X. 

Now we will give one or two examples of n-set basis before we 
proceed onto define other interesting notions about n-set vector 
spaces. 
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Example 5.8: Let 

V = {(a, a,a)|aeZ + u{0}}u 



^a a x 



0 a 



a g Z + u{0} > u 



{ai(x° + 1 + 3x), a 2 (x + 1), a 4 x 7 a 3 (x 6 + x 2 + x 3 + x 4 + 1), 
a 5 x, a 6 x 2 , a 7 (x 8 + 5x 2 + 1) | a; e Z + u {0}; 1 < i < 7 } u 
^a a a a^ 



a g Z + u {0}j 
= Vi u V 2 u V 3 u V 4 



v a a a a y 



be a 4-set vector space over the set S = Z + u {0}. Now take 



X = X 1 uX,uX 3 uX 4 

\f x x \ 



= {(1 1 1 )} u 



v 0 \j 



u {(x J + 3x+l), x+1, x 7 , x 6 + x 2 



+ x 3 + x 4 + 1, x, X", x 8 + 5x + 1 } L/ 1 



"V i V 2 ^ V 3 V 3 . 



1111 
vl 1 1 ly 



Clearly V is 4 set generated by X and the basis 4-set of V is X 
and the n-dimension of the n-set X is (1, 1,7, 1), (n = 4). 

We give yet another example. 

Example 5.9: Let 



V 



Vi u V 2 u ... u V 5 



{(0 0 0 1 1 1 ), (0 0 1 1 1 1 ), (0 1 1 1 1 1 ), (0 0 0 0 0 0 ), 

(1 1 1), (0 1 0), (1 1 0), (0 0 0)} u {(1 1 1 1 1 1 1 1 1), 



(0 0 0 0 0 0 0 0 0)} u 



^a a x 



v a a y 



a g Z 2 = {0,1} f u 



a 


a 


a^ 




f 1 


1 


1 


1 


1> 




4 a 


a a 4 


a 


a 


a J 


9 | 


vl 


1 


0 


1 


b 


9 


v a 


a a y 
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fl 1 


1 


r 


f 


v° 0 


0 


oj 


9 

V 



fo 0 0 0 0^ 

0 0 0 0 0 



fo 0 0" 
0 0 0 



a e Z 2 = {0,1} 



u {1 + x , 0, x + x 2 +1, x 3 + 1} 
be a 5-set vector space over the set Z 2 = {0, 1 } . 



X 



X[ u ... uX 5 

{(0 0 0 1 1 1), (0 o 1 1 1 1), (0 1 1 1 1 1), (1 1 1), 
(o i o), (i i o)} u {(i 1 1 1 1 1 1 1 1)} u Jr jll u 



I, 


fi i 


1 


r 


fi 


i 


r 


fi 


i 


1 


i 1 


vl 1 


1 


i/ 




i 


i/ 




0 


0 o y 



{1 + X 2 , X 2 + X + 1 , X 3 + 1 } 

Vi uV 2 u ...uVs 



"1111 
\l 1 0 1 




u 



be the 5 set which 5-generates V. Thus X is a 5-set- 5-basis of V 
of 5-dimension (6, 1, 1,4, 3). 

Now we proceed on to define n-set linear algebra over the S. 



DEFINITION 5.5: Let V - Vi (_y V 2 u ... u V„ be a n set vector 
space over the set S. If each V, is closed under addition then we 
call V to be a n-set linear algebra over S; 1 <i <n. 

Now we illustrate this by the following examples. 



Example 5.10: Let 

V = Vi u V 2 u V 3 u V 4 

("aaaa^i ^ , , 

= a e Z + u {0} \ u {Z + u {0} x Z + u 



{0} xZ + u {0}} u {all polynomials of degree less than 
or equal to 5 with coefficients from Z + u {0}} u 

If 3 '’l a,b,c,d e Z + u {0}) 
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be a 4-set vector space over the set S = Z + u {0}. Clearly V is a 
4-set linear algebra over S. The basis of V as a 4 set linear 
algebra over S is only finite whereas V as a 4-set vector space 
over S is infinite. 

A 4-set which generates V is given by 



X = 



1111 
vl 1 1 1/ 



x 2 , x 3 , x 4 , x 5 } u 



u {(1 0 0), (0 1 0), (0 0 1)} u {1, X, 
f \ 0^ fO nr 0 0^ fO 0 V 



0 0 



0 0 



1 0 



0 1 



V1UV2UV3U v 4 . 



Clearly the 4-dimension of V is (1, 3, 6, 4). 

Note: It is interesting to observe that V is a 4-set vector space 

over S = Z + u {0} is not finitely generated. The given X in the 
example 5.10 does not 4-generate V as a 4-set vector space over 
S = Z + u {0}. 

Example 5.11: Let 



V 



V[ u V 2 u V 3 u V 4 u V 5 

{(1 1 1 1 ), (1 0 0 0 ), (1 1 0 0 ), (0 0 1 1 ), (0 0 0 1 ), 

(0 0 1 0 ), (0 1 0 0 ), (0 1 1 0 ), (1 0 0 1 ), (1 0 1 0 ), 

(0 1 0 1 ), (1 1 1 0 ), (1 0 1 1 ) (0 1 1 1 ), (1 1 0 1 ), 



(0 0 0 0)} u 



b^ 

d 



a, b, c, d e Z^ 



u 



a, a. 



V a 4 



*5 J 



a, g Z 2 = {0, 1}, 1 < i < 5 \ u {Z 2 [x] 



x an indeterminate of degree less than 4} u 

{(1 1 1 1 1 ), (000 00 )} 



be a 5-set vector space over Z 2 = {0, 1}. Clearly V is a 5-set 
linear algebra over Z 2 = {0, 1 } . Take 
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X 



= {(1 0 0 0), (0 1 0 0), (0 0 1 0), (0 0 0 1) u 



fl 


"1 0^ 




^0 0 




"0 0^ 




"0 0^ 


1 


l 1 


v o oj 


9 | 


v» oj 


9 


,1 oj 


9 


v 0 lj 


1 



rr i o o" 

lU o 0/ 



"0 1 


0^ 




0 

0 






0 

0 


03 




"0 0 0" 


v° 0 


°J 


9 | 


^0 0 


°J 


9 | 


ll 0 


°J 


9 | 


v o 1 o y 



|| u{l,x,x 2 ,x 3 }u{(l 1111)} 



— Xi VJ X2 ... X 5 

c ViuV 2 u...uV 5 
= V. 



Now the 5-dimension of V as a 5-linear algebra is (4, 4, 6, 4, 1). 
Whereas if we consider V as a 5-set vector space over the set 
Z 2 , X is not the 5-generator of V then 

Y = Y 1 uY 2 u...uY 5 

= {(111 1), (1 0 0 0), (0 1 0 0), (0 0 1 0), (0 0 0 1), 
(1 1 0 0), (1 0 1 0), (1 0 0 1), (0 1 1 0), (0 1 0 1), 
(0 0 1 1), (1 1 1 0), (1 0 1 1) (0 1 1 1), (1 1 0 1)} u 
{A set with 15 elements) u {A set with 63 elements} u 
{A set with 15 elements} u {(1 1 1 1 1)}, 

5 generates V as a 5 set vector space over {0, 1}. Now the 5- 
dimension of V is given by (15, 15, 63, 15, 1). 

Thus we see by making when ever possible or feasible a n- 
set vector space into a n-set linear algebra, we can minimize the 
number of elements in the generating n-set. 

Now we proceed on to define the notion of n-set linear 
transformation of n-set linear algebras. 

DEFINITION 5.6: Let V - Vj u V 2 u ... uV n be a n-set linear 
algebra over the set S. Let W = Wj u W 2 u ... uW„ be a 11 -set 
linear algebra over the same set S. Suppose T is a map from V 
to W such that T - 7) UT 2 u ... uT n : Vi uV 2 u ... uV„ —> 
W 1 UW 2 U ... uW n where T, : V, —> W, is a set linear algebra 
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transformation i. e . , T, (ax + y) = T/ (ax) + Tfy); 1 <i <n. Then 
we call T to be a n-set linear transformation from V to W. 

We illustrate this by the following example. 

Example 5.12: Let 

V = ViuV 2 uV 3 uV 4 



{(a a a) | a e Z 2 = {0, 1}} u \ 


' a a^ 


a g Z 2 = {0,1}] 




v a a y 


J 



{(0 0 0 0), (1 1 1 1), (1 1 0 0), (0 0 1 1)} u {Z 2 X Z 2 } 



be a 4-set linear algebra over Z 2 = {0, 1 } and 



W = W 1 uW 2 uW J uW 4 

= {Z 2 x Z 2 x Z 2 } u 



fa b^ 

v C d . 



a eZ, 



u 



f a a a a^ 



^a a a a y 



aeZ 2 | u {(1 1 1 1 1), (0 0 0 0 0), 

(1 1 0 0 0), (0 0 1 1 1)} 



is also a 4-set linear algebra over the set Z 2 . Define T: V — > W 
by T — Tj l w , T 2 v> , T 3 AiT 4 ; Vj vjV 2 vjV 3 i^V 4 — ^ (W i AV 2 vj 
W 3 u W 4 ) with T; : V; — » W; ; 1 < i < 4. Ti : Vi — » W 4 is given 
by 



Ti ((a a a)) = (a a a). 
T 2 : V 2 — > W 2 is given by 



/ 

t 2 


2 a 


a^ 


\ 


2 a 


a^ 


\ 


A a 


a v. 


) 


v a 


a y 



T 3 : V 3 — >■ W 3 is defined by 
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T 3 (0 0 0 0) = 



"0 0 0 0 " 

v 0 0 0 oj ’ 



T 3 (1 1 1 1) = 



and 



and 









T 3 (l 1 0 0) = 




T 3 (0 0 1 1) = 


v 4 -» w 4 


is given by 


T 4 (x, y) 


= (11111) 


T 4 (0, 0) 


= (00 00 0) 


t 4 (1, 0) 


= (00 111) 


t 4 (0, 1) 


= (1 1 00 0). 



a a 
a a 

(l 1 



1 1 



1 1 
1 1 



x * 0 
y*0 



a J ; a = ° 

1 l ) 

1 b 



i n 



It is easily verified that T = Ti u T 2 u T 3 u T 4 is a 4-set linear 
transformation from V to W. 

Now we proceed onto define n-set linear operator on a n-set 
linear algebra. 

DEFINITION 5.7: Let V - V/ UV2 u ... uV n be Cl n-set linear 
algebra over the set S. A map T = Tj UT2 u ... u T n from V to 

V is said to be a n-set linear operator if Ti : V, —> V, is such that 
T, (ax + y) = aTi(x) + Tj(y)forx, y uVg a £ S; 1 <i <n. 

We will illustrate this situation by the following example. 

Example 5.13: Let 

V = V 1 uV 2 uV 3 uV 4 
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{Z + X Z + } u 



u {Z + [x]} u 



c d 



v 



a, b, c, d e Z + 



JY a b c g A 
| v d e f h y 



a,b,c,d,e, f,g,he Z + 



be a 4-set linear algebra over the set Z + . A map T = T]UT 2 u 
T 3 u T 4 : V — » V; such that 

Ti(x, y) = (y, x); 



T 2 



^a b 



VV 



c d 



\\ 

)) 



' 1 N 

a b 



and 



T 3 (p(x) = p 0 + pix + . . . + Pn x n ) = p n x n 



r 


' a b 


c 




\ 


' a 


a 


a 


a^ 


V 


v d e 


f 




/ 


v d 


d 


d 





It is easily verified that T is a 4-set linear operator on V. 

Now in case of n-set linear algebra we can define a notion 
called n-set quasi linear operator on V. 

DEFINITION 5.8: Let V - Vi UV2 u ... uV n be a n-set linear 
algebra over the set S. An map T = Tj UT2 u ... uT n from V = 
V 1 UV2 u ... uV„ to V - V] UV2 u ... uV n such that T,: —> 

Vjt i nj, 1 <i, j <n such that T, ( au +v) - aTj(u) + Ti(v)for u, v 
€ Vj and a e S for each i, 1 < i < n is called the n-set quasi 
linear operator on V. 

If on the other hand T = Tf UT 2 u ... uT n is such that T, : 
Vi —> Vjfor some j ^ i and T k : V k —> V k for some 1 <k <n then 
we call T to be a n-set semiquasi linear operator on V. 

We cannot get any interrelation between n-set linear operator, n- 
set linear semiquasi operator and n-set linear quasi operator. 
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The reader can substantiate these definitions with examples. 
However problems based on these definitions are given in the 
last chapter of this book. Interested reader can refer to them. 

Now we proceed on to define the notion of semigroup n-set 
vector space. 



DEFINITION 5.9: Let V - V I UV2 u ... uV„ be a n-set vector- 
space over the set S. If S is an additive semigroup then we call V 
to be a semigroup n-set vector space over the semigroup S. 

We illustrate this situation by some examples. 



Example 5.14: Let V = V 1 uV 2 u ... uV n bea semigroup 4- 
set vector space over the semigroup S = Z 2 = {0, 1} under 
addition modulo 2, where 



V,= 



a b 
c d 






a,b,c,d e Z 2 



j 



V 2 = {Z 2 x Z 2 x Z 2 }, 



V 3 ={(1 1 0 1), (0 1 0 0), (0 0 0 0), (1 1 1), (0 0 0), (1 0 0)} 
and 



v 4 = 



^a a ^ 1 



v a a y 



a a a a 



^a a a a y 



aeZ, 



V is a semigroup 4-set vector space over the semigroup S = Zi = 

{ 0 , 1 }. 

Example 5.15: Let 



V = Vi uV 2 uV 3 u V 4 u V 5 u V 6 

^a b 



= {ZxZxZ}u 



a, b, c, d, e, f e Z + u 



lv d e f y 

{(a, b, c, d), (a, a, a, a, b, c) | a, b, c, d e Z + } u {(a, b), 
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(a, a, a, a, a) | a, b e Z + } u {Z + [x]| x an indeterminate} 
u {3Z + x 2Z + x 5Z + x 7Z + } 
is a semigroup n-vector space over the semigroup Z + . 

Example 5.16: Let 



V 



Vj u V 2 u V 3 u V 4 u V 5 

b}| 

a, b, c, d e Z 3 } u {Z 3 x Z 3 x Z 3 } u 



c d 

^a 0 0^ 
bed 

abed 
0 c f g 
0 0 i j 
0 0 0 k 



a, b, c, d e Z, > u Z 3 [x] u 



a, b,c,d,e, f,g,i, j,ke Z 3 



be a semigroup 5-set vector space over Z 3 . 

We now prove that all semigroup n-set vector spaces are n-set 
vector spaces but a n-set vector space in general is not a 
semigroup n-vector space. 

THEOREM 5.1: Let V - V 2 uV 2 u ... uV„be a semigroup n set 
vector space over the semigroup S, then V = V / uV 2 u ... uV n 
is the n-set vector space over S. Conversely ifV = Vj uV 2 u ... 
u V n is a n-set vector space over S; then V in general is not a 
semigroup n-set vector space over the set S. 

Proof: Let V ~ V| u V 2 u . . . u V n be a semigroup n-set vector 
space over the semigroup S. Now every semigroup is a set S. So 

V is a n-set vector space over the set S. To prove a n-set vector 
space over the set in general is not a semigroup n-set vector 
space. Suppose 

V = Y 1 uY 2 uY 3 uV 4 



189 




= {(0000), (1 1 1 1), (2 2 2 2), . . (2n 2n 2n 2n)} u 



f 



2n 2n^ 
i^2n 2n y 



neZ u < 



^2n^ 

2n 

v 2n / 



n g Z + 



u {2Z + [x]} 



is a 4-set vector space over the set S = {1,2}. Clearly S is not a 
semigroup under addition. Hence the claim. 

Now we proceed onto define some substructures on semigroup 
n-set vector spaces and illustrate them by examples. 

DEFINITION 5.10: Let V - V) u V 2 u ... u V„ be a semigroup 
n-set vector space over the semigroup S. Suppose W - W/ u W 2 
u ... u W n c V - V] UV 2 u ... uV„ and each W, c Vi is a 
semigroup set vector space over the semigroup S then we call W 
to be semigroup n-set vector subspace of V over the semigroup 
S, (1 <i <n). 

Example 5.17: Let 



V 



V[ u V 2 u V 3 u V 4 u V 5 




a^ 


] 






a g Z 4 j 


| u{Z 4 x Z 4 } u < 



aeZ 4 



u {(0 0 0 0), (2 2 2 2), (0 0 0), (2 2 2), (0 0 0 0 0), 



(2 2 2 2 2)} u 


^a a N 


a g Z 4 ] 


1 


v a a y 


J 



be a semigroup 5-set vector space over the semigroup H = {0, 
2} cZ 4 = {0, 1,2,3} under addition modulo 4. Take 

W = Wi u W 2 UW 3 U W 4 uW 5 

Y 0 0 0V2 2 2 y 



0 0 0 



2 2 2 



u {(0 0), (2 2)} u 
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0 


0 j2 


2 


0 


0 , 2 


2 


0 


oj [2 


2 


0 


°1 f 2 


2 


0 


oj’ U 


2 



c Vi u V 2 u V 3 u V 4 u V 5 
= V, 



is a semigroup 5-set vector subspace over the semigroup 
S = {0, 2} under addition modulo 4. 



Example 5.18: Let 

V = ViuV 2 uV 3 uV 4 
= {Z 5 xZ s x Z 5 } u ([ 



a a a 

a a a 



aeZ 5 u 



a a a aeZ 5 >u{Z 5 [x]} 



be a semigroup 4-set vector space over the semigroup S = Z 5 , 
the semigroup under addition modulo 5. 

Let 

W = W!UW 2 UW 3 UW 4 

|Yl 1 lW2 2 2V0 0 (Til 

= {(0 0 0), (1 1 1)} u 

\[\ 1 lj\2 2 2j\0 0 Ojj 

Yo 0 07 7 3 3 3V 

, , n n n ill , , I „ 



f° 


0 


0" 




"3 


3 


3 T 


0 


0 


0 


9 


3 


3 


3 


1° 


0 


°) 






3 


3 J 



W is not a semigroup 4-set vector subspace over the semigroup 
Z 5 . 
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Example 5.19: Let 

V = Vi uV 2 uV 3 u V 4 u V 5 




be a semigroup 5-set vector space over the semigroup S = {0, 3} 
under addition modulo 6. 



W 



W, u W 2 u ... uW 5 
[( 1 1 1 V 0 0 0 V 2 2 2 V 3 3 3 



1 1 1 0 0 0 2 2 2 3 3 3 



u {(1 1 1 ), 



(0 0 0), (2 2 2), (3 3 3)} u {a + ax + ax 2 + . . . + ax 11 1 a e 




Vi u V 2 u ... u V 5 
V 



is a semigroup 5-set subvector space over the semigroup S = {0, 

3}- 



Example 5.20: Let 

V = ViUV 2 UV3UV4UV 5 UV6 




192 





u {(a a a a a a), (a a a) | a e Z 2 } 

is a semigroup set 6-vector space over the semigroup S = Z 2 
under addition modulo 2. Let 



W 



Wi u W 2 u ... u W 6 

{(0 0), (1 1)} u {a + ax + . . . + ax 11 1 a e Z 2 } u 



Yl A To oY 

< 1 1,0 0 >u 

U lo o[ 



f° 


0 


0 


0 


0 " 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


0 


1° 


0 


0 


0 


0 , 





u {(a a a) |a e Z 2 } 



is a semigroup 6-set subvector space over S = {l,0}cZ 2 . 

Now we proceed on to define the new type of substructure in 
semigroup n-set vector space. 



DEFINITION 5.11: Let V - Vi u V2 u ... uV n be a semigroup 
n-set vector space over the semigroup S. Let W - W/ uW 2 u ... 
i~^W n crVi uV 2 u ... uV m where W is a n-set vector space 
over the set P then W is a pseudo n-set vector space over the 
subset P c:S. 



We illustrate them by some examples. 
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Example 5.21: Let 

V = V1UV2U...UV5 




u {(a a a a a), (a a a), (a a a a) | a e Z [2 } 

be a semigroup 5-set vector space over the semigroup S = Z l2 , a 
semigroup under addition modulo 12. Take 

W = Wi u W 2 u W 3 u W 4 u W 5 




g Z 12 } u {(a a a a a) | a e Z 12 } 
c Vi u V 2 u ... u V 5 ; 

W is a pseudo 5-set vector subspace of V over the set S = {0, 1, 
6}<=Z I2 . 
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Example 5.22: Let 



V 



Vi u V 2 u V 3 u V 4 

{Z + [x]} u {Z + x Z + x Z + } u 



aeZ* u 



a a 
v a a a 



a 

a 

a 



aeZ + 



be a semigroup 4-set vector space over the semigroup S = Z + , 
semigroup under addition. 



W = W!UW 2 UW3UW 4 

= {a + ax + . . . + ax n | a e Z + } u {(a a a) | a e Z + } u 



2n 2n 
v 2n 2n y 



neZ + > u 



;= v 1 



V, u V, u V, u V 4 



' 


f 




\ 


' 




a 


a 


a 








a 


a 


a 




a g Z + 




v a 


a 









is a pseudo 4-set vector subspace of V over the subset {0, 2, 4, 
3, 7} c Z + . 

Now we proceed on to define the notion of semigroup n-set 
linear algebra over the semigroup. 



DEFINITION 5.12: Let V — V / u ... uV n be a semigroup n-set 
vector space over the semigroup S. If each V, is a semigroup 
under addition, 1 <i < n; then we call V to be the semigroup n 
set linear algebra over the semigroup S. 

We now illustrate this definition by some examples. 
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Example 5.23 : Let 

V = V 1 UV 2 U...UV 5 

a e Z + 1 u {(a a a a) | a g Z + } u {Z 2 [x]} u 



f a a^ 



v a a y 



f a b c 
e f g h 

f a b c A 
d e f 
K.S h i 



a,b,c,d,e,f,g,h eZ 1 u 



a, b, c, d, e, f, g, h, i e Z + 



be the semigroup 5-set linear algebra over the semigroup Z + . 
Example 5.24: Let 



V = V, u V 2 u V 3 u V 4 



f a a a^ 



a a a 



3 3 j 



aGZ, 



u {Z 2 [x]} u {Z 2 x Z 2 x Z 2 x Z 2 } 



u 



''a a a a a^ 



^a a a a a y 



acZ, 



be a semigroup 4-set linear algebra over the semigroup Z 2 . 
Example 5.25: Let 

V = ViuV 2 uV 3 uV 4 uV 5 



{Z 3 [x]} u {Z 3 x Z 3 x Z 3 } u 



f a a^ 



y 3 3 j 



aeZ, u 
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a a a a 



{(a a a a a a) | a g Z 3 } u < a a a a a g Z 3 



a a a a 



be a semigroup 5-set linear algebra over Z 3 

Example 5.26: Let 



V = ViuV 2 uV 3 uV 4 



a a a aeZ, u{Z 7 xZ 7 xZ 7 }u{Z 7 [x]} 



a a a a 
b b b b 



a, b e Z 7 



be a semigroup 4-set linear algebra over the semigroup Z 7 . 

Definition 5.13: Let V - V, u V 2 u V 3 u ... u V„ be a 
semigroup n-set linear algebra over the semigroup S. Let W = 
W i uW 2 u ... uW n c:Vi uV 2 u ... uV n - V be a n-subset of 
V such that W is a semigroup n-set linear algebra over the 
semigroup S, then we call W to be the semigroup n-set linear 
subalgebra of V over S. 

We illustrate this by the following example. 

Example 5.27: Let 



V = V, u V 3 u V 3 u V 4 u V, 



= {z 6 X Z 6 X Z 6 } u {Z 6 [x]} u 



a g ZA u 



c d a,b,c,d,e,f gZ 6 > u 
e f , 
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fa b c^j 

< d e f a,b,c,d,e,f,g,h,i e Z 6 > 

U h ij 

be a semigroup 5-set linear algebra over the semigroup Z 6 , Z 6 a 
semigroup under addition modulo 6. Take 

W = Wi u W 2 u W 3 u W 4 u W 5 

= {Z 6 x Z 6 x {0} } u {a + ax + . . . + ax" | a e Z} u 




is a semigroup 5-set linear subalgebra over the semigroup Z 6 . 
Example 5.28: Let 




be a semigroup 6 set linear algebra over the semigroup Z + under 
addition. 

Take 
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be a semigroup 4-set vector space over Z 8 . This can never be 
made into a semigroup 4-set linear algebra over Z 8 . 

Thus all semigroup n-set vector spaces are not in general 
semigroup n-set linear algebras. 

Now we define yet another new subalgebraic structure of 
semigroup n-set vector spaces and semigroup n-set linear 
algebras. 
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DEFINITION 5.14: Let V - V / u ...u V„ be a semigroup n - set 
vector space over the semigroup S. If W - W ) u VIA u ... uW n 
crV] uV 2 u ... uV n - V is a proper subset of V and W is a 
semigroup n-set vector space over a proper subsemigroup P of 
S then we call W to be the subsemigroup n set vector subspace 
ofV over the subsemigroup of the semigroup S. 

Suppose Vi u V 2 u...uV n is a semigroup n - linear 
algebra over the semigroup S and W = Wi u W 2 u ... u W„ be 
a proper subset of V such that W; cr Vi and W; is a 
subsemigroup of V; for each i, 1 < i < n and if P c S is a proper 
subsemigroup of the semigroup S and if W is a semigroup n- 
linear algebra over the semigroup P cz S then we call W to be 
the subsemigroup n-linear subalgebra of V over the 
subsemigroup P of the semigroup S. 

Now we illustrate this situation by a few examples. 

Example 5.30: Let 



V 



V 1 uV 2 uV 3 u V 4 



{(1000), (0000), (0011), (1100)} u {Z 2 X Z 2 X Z 2 } u 

{(1 1 1), (001), (000), (1 1100), (00011), (100), 



(00000)} u 



f a a a^ 



\^3. cl cl j 



aeZ, 



be a semigroup 4 set vector space over the semigroup Z 2 = 
{0,1}. Clearly V has no subsemigroup 4-set vector space as Z 2 
has no proper subsemigroup. 

Example 5.31: Let 



V 



Vi u V 2 u V 3 u V 4 
a,b,c,d g Z 4 
x Z 4 x Z 4 }u {(Z 4 [x]} 



lYa b 

|l c d 



u {(a, a, a, a) / a e Z 4 } u {Z 4 
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be a semigroup 4-set vector space over the semigroup Z 4 . Take 



W 



f a a^ 



aeZ 4 u{(0000), (2222)}u {(a a a)| a g Z 4 } 



u {ai + a 2 x + a 3 x 4 + a 4 x 6 + a 5 x 8 1 ai, a 2 , a 3 , a 4 , as g Z 4 } 



is a subsemigroup 4-set vector subspace of V over the 
subsemigroup S = {0, 2} addition modulo 4. 



On similar lines we can define the notion of subsemigroup n set 
linear subalgebra of V as follows. 



DEFINITION 5.15: Let V - V\ u V 2 ^ u V„ be a semigroup 
n-set linear algebra over the semigroup S. If W = Wj UW 2 U ... 
U W„ be a proper subset of V and if P is any proper 
subsemigroup of the semigroup S. We call W to be the 
subsemigroup n-set linear subalgebra of V over the 
subsemigroup P of the semigroup ofS; ifW is a semigroup 11 -set 
linear algebra over P. 



Example 5.32: Let 

V = ViuV 2 u...uV 5 

= {Zi6 x Zi6 x Zi 6 } u {Z 16 [x]; all polynomials of degree 



less than or equal to 5 } u 



^a a a^ 



v a a a y 



a g Z, 



u 



^a b^ 
c d 



a,b,c,d e Z 16 



''a a a a 4 * 



0 a a a 
0 0 a a 
^0 0 0 aj 



a g Z, 



be a semigroup 5-set linear algebra over the semigroup S = Z 16 . 
Take 



W = Wi u W 2 uW 3 u W 4 u W 5 

= {SxSxS|S = {0,4,8} } u {a + ax + ax 2 + ax 3 + ax 4 + 
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u 





( 


^a 


a 


a l 








1 


aeZi 6 } u 


a g 


{0,2,4,6,8,10,12,14} 




1 


v a 


a 


a . 








J 












a 


a 


a^ 


' 






1 




0 


a 


a 


a 






ae 0,8 u 


• 


0 


0 






a g {0,4,8,12} > 


a . 




J 




a 


a 










;o 


0 


0 


a . 





is a subsemigroup 4-set linear subalgebra over the 
subsemigroup S = {0, 4, 8, 12} c Zi 6 . 

Not all semigroup n-set linear algebras have subsemigroup 
n-set linear subalgebras. We give classes of semigroup n-set 
vector spaces and semigroup n-set linear algebras which do not 
contain this type of substructures. 

THEOREM 5 . 2 : Let V - V] (A VS LA.. uV n be a semigroup n-set 
vector space over the semigroup Z p (p a prime) under addition 
modulo p. V does not contain any proper subsemigroup n-set 
semigroup vector subspaces. 

Proof: Given V = Vi u ... uV n is a semigroup n-set vector 
space over the semigroup Z p , p a prime. Clearly Z p has no 
proper subsemigroup. So even if W = Wi u ... u W n c V i 
uV 2 u ... uV„ = Va proper subset of V then also W is not a 
subsemigroup n-set vector subspace of V as Z p has no proper 
subsemigroups under addition modulo p. Hence the claim. 

Thus in view of this theorem we give the following 
interesting definition. 

DEFINITION 5 . 16 : Let V - V ) uV 2 LA.. uV n be a n-set vector 
space over a semigroup S. If S has no proper subsemigroup ri- 
se t vector subspace then we call V to be a pseudo simple 
semigroup n-set vector space. 

Now we will also prove we have a class of semigroup n-set 
vector spaces which are pseudo simple. 
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THEOREM 5 . 3 : Let V - Vj u ... uV n be a semigroup n-set 
linear algebra over the semigroup Z p , p a prime. Then V has no 
proper subsemigroup n-set linear subalgebra. 

Proof: Given V = Vi u ... u V n is a semigroup n-set linear 
algebra over the semigroup Z p . Clearly Z p has no proper 
subsemigroup as p is a prime so even if W is a proper subset of 
V with each Wj cz Vj a subsemigroup of V; for each i; 1 < i < n 
still V has no proper subsemigroup n-set linear subalgebra as Z p 
has no proper subsemigroups. Thus V has no subsemigroup n- 
set linear subalgebra. 

Hence we can define such V’s described in this theorem as 
pseudo simple semigroup n-set linear algebras. 

THEOREM 5 . 4 : Let V - V / u ... uV n be a semigroup n-set 
vector space over the semigroup S- Z + or Z„, n a composite 
number for appropriate V’s we can have in V subsemigroup n- 
set vector subspaces. 

Proof: When V ~ Vi u ...uV n has a proper subset W = Wi 
vj ... vj W n such that for some proper subsemigroups S of Z + or 
Z n (n-composite number) W is a semigroup n-set vector space 
of V over S then W is the subsemigroup n-set vector subspace 
of V. Hence the claim. 



Now we give some examples of them. 
Example 5.33: Let 



V = V.uVtU Y,uV 4 



{Z io x Zjo} u {Zlo [x]} u 



a a a 



a a a 



a a a a a 



a a a a a 



a b 



\ 



c d 
a g Z 



a,b,c,d 6Z I( u 
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be a semigroup 4-set vector space over the semigroup S = Zi 0 . 
Take 



W = {(a, a) | a e Z 10 } u {All polynomials of even degree in 



x with coefficients from Zi 0 } u 



^a a^ 



v a a y 



aeZio^u 



a a a 



a a a 



a e Z„ 



= WiuW 2 uWjUW 4 cV; 

W is a subsemigroup 4 vector subspace over the subsemigroup 
S = {0, 5} c= Zio. In fact W is also a subsemigroup 4-set vector 
subspace over the subsemigroup P = {0, 2, 4, 6, 8} cr Zi 0 . Thus 
we see W is a subsemigroup 4 set vector subspace over all the 
subsemigroups ofZ 10 . 



Now we proceed on to define yet another type of substructure of 
these semigroup n-set vector spaces and semigroup n-set linear 
algebras. 



DEFINITION 5.17: Let V - V ) u V 2 ^ ... uV n be a semigroup 
n-set vector space over the semigroup S. If Pi, ..., P„ is the 
complete set of subsemigroups of S (n can also be infinite). 
Suppose W - Wj UW2 u ... u W„ c~ Vj uV 2 u ... u V„ is a 
proper subset of V and W is a subsemigroup n - set vector 
subspace of V for every subsemigroup Pi of S for i - I, 2, .... n 
then we call W to be the strong subsemigroup n set vector 
subspace of V. 

(All subsemigroup n-set vector subspaces of V need not be a 
strong subsemigroup n-set vector subspaces of V). Similarly if 
V = Vi uV 2 u ... u V n is a semigroup n set linear algebra 
over the semigroup S and if Pi, P 2 , ... P n is the set of all 
subsemigroups of S and if W = Wi u W 2 u . . . u W n c V 4 
u V 2 u . . . u V n is such that W is the subsemigroup n-set linear 
subalgebra of V over every subsemigroup P i} for i = 1, 2, ..., n 
then we call W to be the strong subsemigroup n-set linear 
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subalgebra of V. As in case of semigroup n set vector spaces we 
see in case of semigroup n-set linear algebras all subsemigroup 
n-set linear algebras need not always be strong subsemigroup n- 
set linear subalgebras of V. 

We now illustrate this situation by a simple example. 

Example 5.34: Let 



V = Vi u V 2 u ... u V 5 
= {z 6 X Z 6 X Z 6 } u 



^a a^ 



v a a y 



aeZ 6 u {Z 6 [x]; all 



polynomials of degree less than or equal to 5 with 

^a b 



coefficients from Z 6 } u 



d e f 



a,b,c,d,e,f g Z, 






^a a a^ 



a a a 



^a a a y 



a g Z, 



be a semigroup 5-set linear algebra over the semigroup Z. The 
subsemigroups of Z 6 are Pi = {0, 3} and P 2 = {0, 2, 4}. 

Take 



W = {(a, a, a) / a e Z 6 } u 



^a a^ 



v a a y 



a g {0,2,4} ? u {All 



polynomial of the form a + ax + ax 2 + ax 3 + ax 4 + ax 5 | a 



^a a a A 



^a a a y 



aeZT u { 



g Z 6 }u 

V =V[ u V 2 u V 3 u V 4 u V 5 



^a a a^ 



a a a 



^a a a y 



a g {0, 3} 



is a strong subsemigroup 5-set linear subalgebra as W is a 
subsemigroup 5 set linear subalgebra over both the 
subsemigroups Pi and P 2 . 
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Now we proceed on to define the notion of group n-set vector 
spaces and group n-set linear algebras. 

DEFINITION 5.18: Let V = Vj u V7 cy ... ^ v,„ V is said to be a 
group n-set vector space over the group G where V, are sets 
such that g Vi g Vi for all v, e V, and g e G, 1 <i <n. Here G is 
just an additive abelian group. 

We now illustrate this definition by some examples. 

Example 5.35: Let 

V = ViuVjU V3UV4 
(fa a^) I 

= \ aeZ 7 u {Z 7 [x]} u {Z 7 xZ 7 x Z 7 } u 

[v a a) J 



' 








/ 






f 






\ 


' 




/ 




\ 


a 


a 


a 




a 


a 


a 


a 








a 


a 


a 
































9 


a 


a 


a 


9 


a 


a 


a 


a 




a g Z 7 




v a 


a 


a J 
































v a 


a 


a v 




v a 


a 


a 


a . 







V is a group 4-set vector space over the group Z 7 under addition 
modulo 7. 



Example 5.36: Let 

V = ViuV,u V3UV4UV5 

= {ZxZxZ}u{Z [x]} u J 



r a 

c d 



a,b,c,de Z 



u 



( a a a^ 



v a a a j 



aeZ u< 



( a a a a^ 
0 a a a 
0 0 a a 
0 0 0 a 



a g Z 



be a group n-set vector space (n = 5) over the group Z under 
addition. 
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Example 5.37: Let 



V = V1UV2UV3UV4 

= {(0000), (1100), (0011)} u {(000), (010), (00), (10)} u 

a e Z 2 1 u {Z 2 [x]} 



be a group n set vector space over the group Z 2 = {0, 1}, a 
group under addition modulo 2. 

Now we proceed on to define the notion of group n-set linear 
algebra over a group and illustrate them by some examples. 

DEFINITION 5.18: Let V = V / u V 2 u ... uV n be a group n-set 
vector space over the additive group G. If each V, is an additive 
group then we call V to be a group n-set linear algebra over G 
for 1 < i < n. 

Example 5.38: Let 




be a group 5-set linear algebra over the additive group Z. 
Example 5.39: Let 



V 



Vi u V 2 u V 3 u V 4 

{( 000 ), ( 111 ), ( 100 ), ( 001 ), ( 010 ), ( 110 ), ( 011 ), ( 101 )} 

u {Z 2 [x]} u {(111 1), (0000), (1100), (0011)} 
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be a group 4 set linear algebra over the additive group Z 2 
modulo 2. 



Example 5.40: Let 



V = Vi u V 2 u V 3 u V 4 



a b'l 



v c d y 



|a,b,c,d g Z 10 | u 
Zio[x] vj {Zjo x Zjo x Zjo x Zjo}; 



^a a a a^ 



v a a a a y 



a g Z,, 



u 



V is a group 4 set linear algebra over the group Zi 0 , group under 
addition modulo 10. 



Now we define a few substructures of these two concepts. 

DEFINITION 5.19: Let V - Vi u ... uV n be a group n set vector- 
space over the group G. IfW - Wj u W 2 u ... uW„ is a proper- 
subset of V and W is a group n set vector space over the group 
G then we call W to be a group n-set vector subspace of V over 
G. 



We illustrate this by some examples. 

Example 5.41: Let 



V = ViuV 2 u V 3 u V 4 
^a b A 



{Z 6 x Z 6 } u 



c d 



a,b,c,d g Z 6 



r 














N 


1 




a 


a 


a 


a 




a 


a 


a 




u 


















aGZ 6 


l 


l a 


a 


a 


a J 




l a 


a 


a J 


J 



all polynomials of degree less than or equal to 4}, V is a group 
4-set vector space over the group Z 6 , group under addition 
modulo 6. Take 
W = Wi u W 2 u W 3 u W 4 
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= {(a, a) / a e Z 6 } u 



^a a^ 



v a a y 



aeZ 6 \ u 



^a a a a^ 



v a a a a y 



aeZ 6 u {all polynomials of the form 



a + ax + ax’ + ax' + ax 4 / a e Z 6 } 
cr V! u V 2 u V 3 u V 4 
= V, 

W is a group 4-set vector subspace of V over the group Z 6 . 
Example 5.42: Let 



V = ViuV 2 u V3UV4UV5 



{ZxZ}u {Z [x]} u 

a, b,c,d 6 Z J- u 



a a a 



a a a 



aeZ u 



^a b x 
v c d y 

^a b c d A 
0 e f g 
0 0 h i 
10 0 0 j 



a,b,c,d,e,f,g, h,i, j e Z 



be a group 5-set vector space over the additive group Z. Take 

W = W! u W 2 u W 3 u W 4 u W 5 

= {(a, a) | a e Z} u {a + ax + ... + ax" a e Z} 



u 



^a a a^ 



v a a a y 



a e 2Z > u 




^a a^ 



v a a y 



a g Z 
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f a 


a 


a 


a^ 




0 


a 


a 


a 


a g 2Z 


0 


0 


a 


a 




1° 


0 


0 


a J 





c ViuV 2 u V3UV4UV5 

= V. 

W is clearly a group 5 set vector subspace of V over the group 
G. 

We now prove the following interesting result. 

THEOREM 5.6: Every group n-set linear algebra V - Vi u ... u 
V n over the group G is a group n-set vector space over the 
group G but a group n set vector space over the group G in 
general need not be a group n-set linear algebra over G. 

Proof: Let V = V, uV 2 u... u V n be a group n set linear 
algebra over the additive group G. Clearly V is a group n-set 
vector space over the additive group G for every n-group is a n- 
set. 

To prove a group n set vector space V over a group G is not 
in general a group n-set linear algebra over the group G. We 
give a counter example. Consider the group 5 set vector space 
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over the additive group Z 2 = {0, 1}. Clearly Vi, V 2 and V 3 are 
not groups under addition so V is not a group 5-set linear 
algebra over the group Z 2 = {0, 1} under addition modulo 2. 
Hence the claim. 



Now we define group n set linear subalgebra over the group G. 

Definition 5.21: Let V - Vi uV 2 vy ... uV n be the group 11 - 
set linear algebra over the additive group G, where each V, is a 
group under addition, i = 1, 2, ..., n. Take W - Wj uW 2 u ... 
u W„, a subset of V such that W the group n set linear algebra 
over the same group G i.e., each W, cz V, is a proper subgroup 
of V it i = 1, 2, ..., n. We call W = Wj u W 2 u ... uW„ to be a 
group n-set linear subalgebra of V over the additive group G. 

Now in case of group n set linear algebra V; we can define the 
notion of pseudo group n-set vector subspaces of V which is 
given below. 

DEFINITION 5.22: Let V - Vi uV 2 u ... uV n be a group n set 
linear algebra over the group G.IfW-W 1 uW 2 u... uW n be 
a proper n-subset, where at least one of the W-,’s is not a 
subgroup of the group V, and if W is a group n-set vector space 
over G then we call W = Wj uW 2 u ... uW„ to be the pseudo 
group n-set vector subspace of V;( 1 < i <n). 

Now we illustrate these definitions by the following examples. 

Example 5.43 : Let 



V = ViuV 2 u V3UV4 

a g Z 12 l u {Zi 2 [x]} u {Zi 2 x Z 12 x Z 12 } u 



^a a^ 



v a a y 



a, a 



2 a 3 

a* 



V a 7 a 8 



a 






a t gZ 12 ; 1 < i < 9 
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be a group 4 set linear algebra over the group Z 42 , addition 
modulo 12. 

Let 



W 



6 6 
6 6 



0 0 
0 0 



u {(ax' + ax + a, ax 7 + ax' + a, 



a + ax 7 + ax 5 + ax^ | a e Z 12 } u {(a a 0), (0 a a), 
(a 0 a) | a e Z 12 } u 

( o o oV 



^a a aVO 0 



0 0 0 
0 0 0 



a a a 

0 0 0 



0 0 0 



^a a a y 



a g Z, 



= WiuW 2 uWjuW 4 
c Vi u V 2 u V 3 u V 4 = V. 



Clearly W 2 , W 3 and W 4 are not even closed under addition. So 
W is verified easily to be a pseudo group 4 set vector subspace 
of V over Z i2 . 



We further say all proper subsets of V need to be pseudo group 
4 set vector subspaces of V over the group Z i2 . For take 



W 



'l f|f5 5^ 
1 1 ‘ 



v 



V 5 5y 



(123)} u 



"3 7 
1 2 
,5 1 



u {3x + 2x 2 + 1, 5x 3 + 1} u {(321), 



2 T 

0 > 

4 J. 



W 1 UW 2 U W 3 u W 4 
ViuV 2 u V 3 u V 4 . 



Clearly for Wi we take 



and 



'\ 1^ 
1 1 



: Wj 
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6 g Z12 , 6 







(6 6^j 


vl b 




V 6 6 y 



£ Wi 



Likewise 3x + 2x + 1 e W 2 and 7 e Z )2 ; 7 (3x + 2x“ + 1) = 9x 
+ 2x 2 + 7 £ W 2 , (3, 2, 1) is in W 3 and 5 e Z 12 , 5(3, 2, 1) = (3, 
10, 5) £ W 3 . 

Finally 



and 0 e Z 



12 - 



f 2> 7 
1 2 



5 1 



2^ 

0 

4 



:W, 





"3 


7 


27 




"0 


0 


0" 


0. 


1 


2 


0 


= 


0 


0 


0 




v5 


1 


4 , 




v0 


0 


0, 



£ W 4 . 



So W = Wi u W 2 u W 3 u W 4 c Vis just a 4-subset of V, but 
is not a pseudo group 4 set vector subspace of V over the group 
Z 12 . Thus the 4-subsets of V are not pseudo group 4 set vector 
subspace of V. 



Now we proceed on to define the notion of subgroup n-set linear 
subalgebra of a group n set linear subalgebra of a group n-set 
linear algebra over the group G. 



DEFINITION 5.23: Let V — Vj u Vj u ... uV n be a group n set 
linear algebra over the group G. Let W = Wj U ... uW n be a 
proper subset of G ie. W, cr V ) and W, is a subgroup of V„ 1 < i 
< n. Let H be a proper subgroup of G. If W is a group n-set 
linear algebra over the group H. then we call W to be the 
subgroup n-set linear subalgebra of V over the subgroup H of 
the group G. 

Example 5.44: Let 



V 



Vj u V 2 u V 3 UV 4 
{Z 6 [x]| u {Z 6 x Z 6 x Z 6 } u 



b^ 

d 



a,b,c,d 
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u 



a a a a 



aeZ, 



[v a a a a;| j 

be the group 4-set linear algebra over the group Z 6 under 
addition modulo 6. Let 



W = W 1 uW 2 uW J uW 4 

= {a + ax + ax 2 + ... ax 11 / ae Z 6 } u {(a, a, a) / a e Z 6 } 



^a a^ 



u 



aeZ 6 u 



^a a a a^ 



ae{0,3}cZ 6 



be the group 4 set linear subalgebra of V over the group Z 6 . 
Example 5.45: Let 

V = V 1 uV 2 u V 3 uV 4 
= {ZxZxZ}u{Z [x]} u 



^a a a^ 
0 a a 
0 0a 



a e Z 



1 u 



V 

^,0 0 0 

a 2 a 3 0 0 

a 4 a 5 a 6 0 

V a 7 a 8 a 9 a io j 



a ; eZ; 1 < i < 1 0 



be a group 4 set linear algebra over the group G = Z. Take 

W = Wi u W 2 u W 3 u W 4 

= {(a a a) | a e Z} u {all polynomials of even degree with 
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coefficients from Z} u 



u 



0 0 
a 0 
a a 
a a 



0 " 

0 

0 



aeZ> 



a 






2n 


2n 


2n 


0 


2n 


2n 


0 


0 


2n 



c Vi u V 2 u V 3 u V 4 = V. 

It is easily verified W is a group 4 set linear subalgebra of V 
over the group G = Z. 

Example 5 . 46 : Let 



V 



V j V 2 CJ V 3 CJ V 4 



{Z 14 X Z 14 X Z 14 X Z14} u {Z 14 [x]} u { 



^a a^ 



a a 



v a a y 



a e Z, 



u 



^a b^ 
v c d y 



a,b,c,de Z, 



be a group 4 set linear algebra over the group Z 14 . Take 



W = 



Wi u W 2 u W 3 u W 4 

{(a, a, a, a) | a u Z [4 } u {a + ax + ... + ax 11 | a e Z14} 



u < 



^a a^ 



a a 



1 u 



ae{ 0 , 7 } 
c Vi u V 2 u V 3 u V 4 = V. 



v a a y 



^a a^ 



v a a y 



aeZ, 



W is clearly a subgroup 4 -set linear subalgebra over the 
subgroup { 0 , 7 } cr Z 14 . 
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Example 5.47: Let 



V = Vi u V 2 u V 3 u V 4 u V 5 
= {ZxZxZxZ} u 



a a 



v a a a a y 



aeZ u 



^a b c d^l 
0 e f g 
0 0 h i 
10 0 0 j) 

3-1 3 0 3 ^ 



V a 7 a 8 a 9 J 



a,b,c,d,e,f,g,h,i, j e Z 



\ u {Z[x]} u 



a i eZ; 1 < i < 9 



be a group 5-set linear algebra over the additive group Z. Take 
W = Wi u W 2 u W 3 u W 4 u W 5 



{(2Z x 3Z x 4Z x 5Z)i u 


^a a a 


a 2 


a g 2z] 


1 


v a a a 


a . 


J 





'a 


a 


a 


a 2 




0 


a 


a 


a 




0 


0 


a 


a 




v0 


0 


0 


a J 



aeZ 



> u {(a + ax + ax 2 +. . . + ax n | 



aeZJu 
c ViuV 2 u V3UV4UV5 



f a a a^ 



a a a 



^a a a y 



a g 2Z 



= V. 

W is a subgroup 5-set linear subalgebra of V over the subgroup 
2ZcZ. 
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Let us define the n-generating subset of a group n-set vector 
space and group n-set linear algebra over the group G. 

DEFINITION 5.23: Let V - Vj uV 2 u ... uV n be a group n-set 
vector space over the group G. Suppose W = W t uW 2 u ... u 
W n is a proper subset of V and if W is a semigroup n-set vector- 
space over some proper subset H of G where H is a semigroup, 
then we call W to be the pseudo semigroup n-set vector- 
sub space ofV over the semigroup H of G. 

We illustrate it by the following examples. 

Example 5.48: Let 



V = ViuV 2 u V 3 UV 4 UV 5 



{Z X Z X Z} u {Z [x]} u 



a a a 
a a a 
a a a 



a g Z 



1 u 



^a b^ 
v c d y 



a,b,c,d g Z > u 



aj 0 0 0 

a 2 a 3 0 0 

a 4 a 5 a 6 0 



V a 7 a 8 a 9 a !0 J 



aj g Z;1 < i < 10 



be a group 5-set vector space over the additive group Z. 
W = W\ u W 2 u W 3 u W 4 u W 5 



{Z + X Z + X Z + } u {Z + [x]} u < 


^a a a^ 
a a a 


a g Z + 




v a a a y 





217 





c= V|UV 2 u V3UV4UV5 

= V 



is a pseudo semigroup 5-set vector subspace of V over the 
semigroup Z + of Z. 

Example 5.49: Let 

V = V, u V 2 u V 3 u V 4 




be a group n-set vector space over the group Z. Take 

W = W, u W 2 u W 3 u W 4 




c ViuV 2 u V3UV4 
= V 
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is easily verified to be a pseudo semigroup n-set vector 
subspace over the semigroup Z + cr Z. 

Now we proceed to define n-generating set and n-basis. 

DEFINITION 5.24: Let V = V) u V 2 u ... uV n be a group n-set 
vector space over the group G. If we have a n-set X = Xj uX 2 
u... u X n crV] uV 2 u ... u V n = V such that each X t 
generates Vi over the group G, for i = 1,2,,.., n, then we call X 
to be the n-set generator of V. If the cardinality of each X, is 
finite we say V is generated finitely and the n-dimension ofV is 
(\X 2 \, IX 2 I , ..., \X n \). If even one of the Xj ofX happens to have 
infinite cardinality then we say n-dimension of V is infinite. We 
call the n-generating n-subset of V to be the n-basis of V over 
the group G. 

We illustrate this by the following examples. 

Example 5.50: Let V = Vi u V 2 u V 3 u V 4 be a group 4-set 
vector space over the group Z 2 = {0,1} where Vi = {(1100), 
(0011), (1111), (0000), (111), (101), (000)}, V 2 = {Z 2 [x] / 
every polynomial is of degree less than or equal to 2}, 



and 



Take 
X = 



v,= 



^a 


b) 


v C 


dj 



a,b,c,d g Z . 



V 4 = 






t 


a a a 


aeZ, 


a a a y 


J 



{(1111), (1100), (0011), (111), (101)} u { 1 , x, X 2 1 +x, 
1+x 2 , x+x 2 , 1+x+x 2 } u 





'0 r 


'\ 0" 


"0 0" 


"0 0" 


(\ n 




v0 o y 


v o o y 


;i 0 , 


[o K 


v 0 0 y 
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and X 5 = {(11111), (1111111)}. Thus the 5-dimension of V is 
infinite given by ( 00 , 00 , 1 , 1,2). 

Now we find the n-basis and n-dimension of group n-set 
linear algebras over the group. We just define the n-basis in case 
of group n-set linear algebras. 



220 




DEFINITION 5.25: Let V = V) uV 2 u ... uV„ be a group n-set 
linear algebra over the additive group G. Let X - Xj uX 2 u ... 
uX n c Vi uV 2 u ... uV n = V be the n-generator ofV. If each 
Xj generates Vi as a group linear algebra over the group G then 
we call X to be the n-generating set of V; i = 1, 2, ..., n. Here 
each Vi is a group under addition; 1 <i < n. If each X t ofX is 
finite then we say V is n-finitely generated by X over G. If even 
one of the Xj ’s is infinite we say V is infinitely generated over G. 

The n-cardinality of X is called as the n-dimension of V and X 
is called as the n-set basis of V over the group G. 

Now we illustrate this situation by some examples. 

Example 5.52: Let 



V = V 1 UV 2 UV 3 UV 4 

aeZ 12 lu {Z 12 x Z 12 } u {Z 12 [x]; all 



^a a ^ 1 



v a a y 



polynomials of degree less than or equal to 10 } u 

^a b 1 

a,b,c,d,e e Z 12 } 



Ode 



be a group 4-set linear algebra over the group G = Z [2 , group 
under addition modulo 12. Take 



X = XiuX 2 uX 3 uX 4 

Vl lY 



u 



vl b 



fl 0 0) 

0 0 0 



u {( 1 , 0 ), ( 0 , 1 )} u { 1 , x, x 2 , ..., x 10 } 



fO 1 0 



0 0 0 



( 0 0 n 



000 



fo 0 0} 

0 1 0 



}0 0 0 } 

0 0 1 



Vi u V 2 u V 3 UV 4 



X, 4-generates V over Z [2 . Now the 4-dimension of V is (1, 2, 
11,5). Thus X is a 4-basis of V and V is 4-fmite dimensional. 
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Example 5.53: Let 



V 



V] ^ V2 V3 V4 V5 

{Z x Z x Z} u {Z[x]; all polynomials of degree less 



than or equal to 4} u 



aeZ u 



a a 



f a bf 
< 0 d 

1 ° c . 



a,b,c,d 



ffO 0 0 0^ 



Z 



u 



a 0 0 

a a 0 



^a a a 



0 

0 

0, 



Z 



be a group 5-set linear algebra over the additive group Z. Take 

|7l A 

X = {(100), (010), (001)} u {1, x, x 2 x 3 , x 4 } u < 

Iv 1 V 





fl 


of 




"0 


r 




"0 


Of 




"0 


Of 




< 


0 


0 


9 


0 


0 


9 


0 


1 


9 


0 


0 






v0 


0 J 




v0 


04 




v0 


0 J 




v0 


b 


, 


fl 


r 0 


0 


0 


0^1 













10 0 0 
1 1 0 0 

I 1 1 1 

= Xt X2 vj X3 vj X4 vj X5 , 

clearly X 5-generates V as a group 5-set linear algebra over the 
group Z. Now the 5-cardinality of V as a group 5-linear algebra 
over Z is finite and is given by (3, 5, 1, 4, 1). 

It is important at this juncture to mention the essential fact 
that even if V = V) u ... u V n is a group n-linear algebra over 
the additive group G as well as if the same V is treated as a 
group n-vector space over the same group G, the dimension is 
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distinctly different. One cannot say because V is the same the n- 
dimension is also the same over the group G. In view of this we 
give some concrete examples. 

Example 5.54: Let 



V = Vi u V 2 u V 3 u V 4 u V 5 

= {Z x Z x Z} u {Z[x] | all polynomials of degree less 

1 \f a tG 

ll c d 



than or equal to 7} u ■ 



a,b,c,d g Z > u {(a, a, a, 





^a 


0" 




a £ Z} u < 


0 


b 


a,b,c,d,e Z 


d 


0 




v0 


c . 





be a group 5-set linear algebra over the group Z. Now take a 5- 
subset of V to be 



X = Xj u X 2 u X 3 u X 4 u X 5 

= {(100), (010), (001)} u {1, X, X 2 , ..., x 7 }u 




ViuV 2 u V3UV4UV5 
V. 



u {(11111)} u 



Clearly X 5-generates V over Z and is a 5-basis of V. The 5- 
dimension of V over Z is {(3, 8, 4, 1, 4)}. 

Now we can think of V as a group 5-set vector space over the 
group Z. Take Y = = Yi uY 2 u Y 3 u Y 4 u Y 5 = {infinite 
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generating subset of Vi alone can generate the group vector 
space (as Vi is just a set) over Z} u {only an infinite subset can 
generate V 2 } u {only an infinite subset can generate V 3 , as a 
group vector space over Z} u {(11111)} u {only an infinite 
subset can generate V 5 as a group vector space over the group G 
= Z}. Thus Y is an infinite 5-subset of V which 5-generates V 
as a group 5-set vector space over the group Z. So the 5- 
dimension of V is (co,co,co, 1, go). 

Thus we see from this example when we use the group n-set 
vector space over an additive group it can be infinite 
dimensional but at the same time if V is realized as a group n- 
set linear algebra it can be finite dimensional. 



We provide yet another example 



Example 5.55: Let 

V = V[ u V 2 u V 3 u V 4 
= {Z 2 x Z 2 x Z 2 } VJ {Z 2 

than or equal to 4} u 



[x] all polynomials of degree less 



a b 
c d 



a,b,c,d eZ, u 



If a a a 
Ha a a 



„ \ 


t 


a 


aeZ, 




J 



be a group 4-vector space over the group Z 2 = {0,1}. V is also 
group liner algebra over the group Z 2 = {0,1}. 

Now the 4-basis of V as a group 4-set vector space is given 
by the 4-set 

X = XjuX 2 u X 3 uX 4 

= {(100), (001), (010), (110), (011), (101), (111)} u {1, 

x, x 2 , x 3 , x 4 , 1+x, 1+x 2 , x+x 2 , 1+x 3 , 1+x 4 , x+x 3 , x+x 4 , 
x~+x 3 , x“+x 4 , x 4 +x 3 , 1+x+x - , 1+x+x 3 , 1+x+x 4 , l+x - +x 3 , 
l+x 2 +x 4 , l+x 3 +x 4 , x 2 +x J +x 4 , x+x 2 +x 3 , x+x 2 +x 4 , 

x+x 3 +x 4 , l+x+x 2 +x 3 , l+x+x 2 +x 4 , l+x+x 3 +x 4 , 

l+x 2 +x 3 +x 4 , x+x 3 +x 4 +x 2 , 1+X + X 2 + X 3 + X 4 } u 
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If 1 


0" 


4 0 


r 


4 o 


0 ^ 


(0 


0" 


f\ 


0" 


11° 


0, 


\0 


0 , 


V 




\0 


b 


\i 


0, 


f\ 




'0 


n 


"0 


0" 




0 " 


"0 


n 


v° 


o>. 


^0 


ij* 


vl 


1/ 


\0 


ij* 


vl 


0 , 



f 1 1) 




fi n 




4 o r 




4 i 0^ 




fi b 


ll 


v0 b 


9 | 


vl °J 


9 | 


vi b 


9 1 


vl b 


9 1 


vl b 


t 



f( (l 1 1 \X\ 

ill 1 1 lJi 

c Vi u V 2 u V 3 u V 4 
= V 

is a 4-basis of V and the 4-dimension of V is given by {7, 31, 
15, 1)}. Now consider V as a group 4-set linear algebra over the 
group Z 2 = {0,1}. Take 



X = 



Xi vy X 2 vy X 3 vj X 4 

{(100), (001), (010)} u {1, X, X 2 , X 3 , X 4 } u 



1 0 
0 0 



v 



0 1 
0 0 



A ^0 0 
1 0 



v j 



0 0 
0 1 



u 



1111 
vl 1 1 



c ViuV 2 u V 3 UV 4 , 



now X is a 4-basis and 4-generates V as a group 4-set linear 
algebra over the group Z 2 = {0,1}. The four dimension of V is 
given by {(3, 5, 4, 1)}. Thus we see when some additional 
structure is imposed the n-cardinality reduces drastically. 

Now having defined the notion of n-generating set of group n- 
vector spaces and group n-linear algebra, we now proceed on to 
define the notion of n-group transformation. 



Definition 5.26: Let V - V } uV 2 u ... u V n and W = W, 
u W 2 u ... uW n be two group n set vector space and group in- 
set vector space over the same group G; m > n. Let T: V —>W 
be a n map from V into W defined by 7} : V, ■ —> Wj (i ^j) (i = 

2, ..., n) is a group set linear map where T - T/ uT 2 u ... uT n . 
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( Now when m>n we say we can have several ways of defining 
T’s). We call T = T t uT 2 u ... uT n as the quasi group n-linear 
map ofV into W over G or quasi n-linear transformation. 

We first illustrate this by an example. 

Example 5.56: Let V = Vi u V 2 u V 3 u V4 be a group 4-vector 
space over Z 2 = {0,1} where 

V = ViuV 2 u V3UV4 

a 
c 

aeZ 9 j u{Z 2 [x] all polynomials of 

degree < 4} . 






Let 
W = 



W,uW 2 u W 3 u W 4 u W 5 

If 1 a,b,c,d e Z,1 u {Z 2 x Z 2 x Z 2 x Z 2 } u 



f a 


a 


a 


a 


a ^l 










u 


v a 


a 


a 


a 


a JI 



a a 

a a (a a 



■ , aeZ,} u {Z 2 [x] all polynomials of 

a a {a aj 

U a J 

degree less than or equal to 8} 



be a group 5 set vector space over the group Z 2 = {0,1}. Let T = 
T = T] u T 2 u T 3 u T 4 . V — > W, such that 
Ti : V! — > W 2 defined by 



T[ (x, y, z) = (x , y, z, x + y + z); 
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T 2 : V 2 — >■ Wi defined by 



T, 



^a b^ 






c d 



b" 

d y 



T 3 :V 3 



W 4 defined by 



T, 



^a a a a^ 



^a a^ 



a a 
a a 



and T 4 : V 4 -> W 5 

T 4 (a) = a if a e Z 2 , T 4 (x 11 ) = x 2n ; 1 < n < 4 



i.e., p (x) = x 2 + x + 1 then T 4 (p(x)) = x 4 + x 2 + 1. It is easily 
verified T = TiuT 2 u T 3 u T 4 is a quasi group n-linear map of 
V into W. We can have several T’s for some group n-linear map 
S = Si u S 2 u S 3 u S 4 ; V — > W which can be defined by 



Si : Vi — > W5 

S 2 : V 2 -» Wi 
S 3 : V 3 -» W 2 
S 4 : V 4 -» W 3 

such that S is a quasi group n-linear map. So we have several 
such quasi group n-linear maps. 

Next we define the notion of pseudo quasi group n linear 
transformations. 



Definition 5.27: Let V = Vj u ... uV„ and Vf = W, u ... uW m 
(n>m) be group n set vector space and group m set vector space 
over the same group G. 

A n-map T = T 1 u ... uT n from V into W defined by T, : Vi 
—> Wj where at least more than one V ) will be mapped onto the 
same Wj(l <i <11 and 1 < j < m ). If each T, is a group set linear 
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transformation then we call T to be a pseudo quasi n-set linear 
transformation of V into W. 

We give an example. 

Example 5.57: Let 

V = Vi u V 2 u V 3 u V 4 u V 5 



( a a a^ 









17 


X 


Z} 


- 










^a 


a 


a l 




a 


a 


a 


a g Z 


a 


a 


a 




v a 


a 







f a 

c d 



a,b,c,deZ> u 



u {Z[x] all polynomials 
of degree less than or equal to 4} u 



f a 


0 


0 


0" 




b 


c 


0 


0 


a,b,c,d,e,f,g,h,i, j g Z 


d 


e 


f 


0 


u 


h 


i 


jj 





is a group 5-set vector space over the group Z. Take 

W = W, u W 2 u W 3 u W 4 

= {Z[x] all polynomials of degree less than or equal to 2} 







f a a 


a 


a l 




{ a 


a l 








'a 


a l 


'j 


u < 




a a 


a 


a 




a 


a 


a g Z 


■ u < 




a g Z 






v a a 


a 


a . 




v a 


a . 








l a 


a J 


J 





' a 


b 


c 


d l 






0 


e 


f 


g 




u < 


0 


0 




a,b,c,d,e,f,g,h,i,j g Z 




h 


i 




v0 


0 


0 


l 
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be a group 4 -set vector space over Z. 

Define T = Ti u T 2 u T 3 u ... uT s from V to W by 

Ti : Vi — » Wi defined by 

Ti (a, b, c) = ax 2 + bx + c 



T2 : V 2 — > W 3 defined by 
T 2 



T a 






d JJ 



f a a^ 



v a a y 



T3 : V 3 — >■ W 2 defined by 

(f 

T 3 



vv 

ff 



a a a 

a a a 



T 3 



VV 

T 4 : V 4 -> Wi 

T 4 (c) 

T 4 (x) 

T 4 (x 2 ) 

T 4 (x 3 ) 

T 4 (x 4 ) 
and 

T 5 : V5 — ^ W 4 defined by 



T< 



a a a 
a a a 
a a a 
a a a 



\\ 



f a a^ 



a a 



v a a y 



^a a a a^ 



a a a a 



v 



a a a a 



c 

X 

x 2 

X 



)) 

V C G Z 



r 


"a 


0 


0 


O' 






'a 


b 


c 


d' 




b 


c 


0 


0 






0 


e 


f 


g 




d 


e 


f 


0 






0 


0 


h 


i 


V 


v§ 


h 


i 


b 


y 




vO 


0 


0 


b 



i.e 
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f 4 


0 


0 


0 ^ 




(4 


7 


8 


9 " 


7 


8 


0 


0 




0 


6 


1 


2 


9 


6 


1 


0 




0 


0 


1 


3 


.2 


1 


3 


5 ) 




,0 


0 


0 


5 , 



Now T — Ti T2 vj T3 T 4 T5 : V — V 4 V2 vj V3 vj 
V 4 uVs^W 1 uW 2 u W 3 u W 4 is a pseudo quasi 5-set linear 
transformation V into W. 

It is important to mention here that the study of what is the 
structure of H^. (V, W) where 1 1 ‘l (V, W) denotes the collection 
of all quasi group n-set linear transformations of V into W, is an 
interesting and innovative problem. Likewise the study of the 
algebraic structure of 1 lomjl 4 ( V, W) where Horn” (V, W) is 
the set of all pseudo quasi group n-set linear transformations of 
V into W is left as an exercise for the readers. 

Now we proceed onto discuss about the n-projection. 



DEFINITION 5.28: Let V — V \ u V 2 u ... uV n be a (mi, ..., m„) 
dimensional group n-set vector space over the group G; each mi 
is finite 1 < i < n. Suppose W = Wi u W2 u ... uW n be a (ti 
t„) dimensional group n-set vector subspace of V over the group 
G; t, < mj, 1 <i < n. 

Let T = T 1 uT 2 u ... uT n —>V into W be such that Ti : Vi 
—> W/ is a projection of V t into W, ; 1 <i < n. Then T = T ) uT 2 
u ... uT„ is defined as the group n set projection of the group n 
set vector space V into the group n-set vector subspace W of V. 

We now illustrate this by simple examples. 



Example 5.58:Let 

V = V 1 UV 2 UV 3 UV 4 

= if a b ] a,b,c,d e Z 



u {Z[x] all polynomials of 



degree less than or equal to5} u {ZxZxZxZ} u 
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f a 


b' 




c 


d 


a,b,c,d,e,f,g,h eZ 


e 


f 


U 


h y 





be the group 4 set vector space over the group G. 

Let 

W = Wi u W 2 u W 3 u W 4 

a e Z j u { Z [x] all polynomials of degree 
less than or equal to 3} u{ZxZxZx {0} x {0}} 







"a 


a l 




u < 




a 


a 


a g Z 






a 


a 








v a 


a J 






be a proper group 4 set vector subspace of V over G. Define P = 
P,uP 2 u P 3 u P 4 from V into W by P; : Vi -» Wi; i = 1, 2, 3, 4 
by 

Pi : Vi — >• Wi is such that 



/ 


'fa bV 


\ 


'a a 3 


Pi 




= 




V 


A C d ^. 


/ 


v a a . 


— > W 3 is defined by 




P 2 (a) 


a, for all aeZ, 


P 2 (x) 


X 




P 2 (x 2 ) 


x 2 




P 2 (x 3 ) 


x 3 




P 2 (x 4 ) 


0 




P 2 (x 5 ) 


0. 





P 3 : V 3 — » W 3 is such that by 

P 3 ((x, y, z, w, t)) = (x, y, z, 0, 0) 
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and P 4 : V 4 — >• W 4 is given by 




It is easily verified P = Pi uP 2 u P 3 u P 4 is a group 4 set 
projection of the group 4 set vector space V = Vi u V 2 u V 3 u 
V 4 into the group 4-set vector subspace W = WiuW 2 u W 3 u 
W 4 of V. 



PoP 

PoP 



Pi o Pi u P 2 o P 2 u P 3 o P 3 u P 4 o P 4 is given by 



= Pi o P 2 



ffa 


bV 


vU 


Vs 



u P 2 o P 2 ((a 0 + ajx +a 2 x“+ a 3 x 3 



a 4 x 4 +a 5 x 5 )) u P 3 o P 3 ((x, y, z, eo, t)) u P 4 o P 4 
V a b^ 

c d 
e f 

h /y 



= Pi 



T a 


a T 


vU 


Vs 



u P 2 ((a Q + ajx +a 2 x 2 + a 3 x 3 )) u P 3 ((x 



y z 0 0)) uP 4 



V a 31 



a a 
a a 
a a 



V a^ 



u(a Q + aix +a 2 x 2 + a 3 x 3 ) + (x y z 0 0) u 



^a a^ 



a a 
a a 
a a 



= P; 
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i.e.; the group 4-set projection of the group 4 set vector space is 
an idempotent 4-map. 

It is left as an exercise for the reader to prove that the n- 
projection of a group n-set linear transformation from V = V] 
u ... u V n into its n-subspace is an idempotent n-map. 

We illustrate this situation by another example. 

Example 5.59: Let 



V 



V,uV 2 u V 3 u V 4 u V 
a 









V 



a,b,c,d e Z, 



5 

u {Z 3 [x] all polynomials of 



degree less than or equal to 5} u { Z 3 x Z 3 x Z 3 x Z 3 



Z 3 } u< 



abode 
f g h i j 



a,b,c,d,e,f,g,h,i,jeZ 3 [-u 



r a b^ 




c d 


a,b,c,d,e,f,g,h e Z 3 


e f 


U h y 





be a group 5-set vector space over the group Z 3 . Take a proper 5 
subset W of V i.e., 



W = Wi u W 2 u W 3 u W 4 u W 5 

aeZ 3 j u {all polynomials of even degree 



fa a ^ 1 



v a a j 



only from V 2 } u{(a, a, a, a, a) / a e Z 3 } u 



fa a a a a^ 



\^3 3 3 3 3 j 



3gZ 3 U 



fa a^ 



a a 
a a 



a e Z, 



c Vi u V 2 u V 3 u V 4 u V 5 = V. 
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Define a group 5 set linear transformation P: V — > V by P = Pi 
uP 2 u P 3 u P 4 u P 5 : Vi u V 2 u V 3 u V 4 u V 5 ^ Vi u V 2 



u V 3 uV 4 u V 5 by 



P, = 



^ a b 2 ^ fa a^ 






c d 



where Pi : Vi — »■ Vi 
P2 : V 2 — »■ V 2 given by 

P 2 ((a Q + a 4 x + a 2 x 2 + a 3 x 3 + a 4 x 4 + a 5 x 5 )) = a 0 + a 2 x 2 + a 4 x 4 ; 
P3 : V 3 -> V 3 defined by 

P 3 ((x, y, z, to, t)) = (x, x, x, x, x); 

P 4 : V 4 — > V 4 defined by 





' a 


b 


c 


d 


e^ 


l_ 


'a 


a 


a 


a a 2 




If 


g 


h 


i 


jj 


I 


l a 


a 


a 


a a y 



and P 5 : V 5 V 5 




We see P = Pi u P 2 u P 3 u P 4 u P 5 can be treated as a 5 - 
projection map of V = Vi u V 2 u V 3 u V 4 u V 5 into its group 
5 set vector subspace W = Wi u W 2 u W 3 u W 4 u W5 . 

It is easily further verified that P 0 P = Pi 0 Pi uP 2 o P 2 
u P 3 o P 3 u P 4 0 P 4 u P 5 0 P 5 = Pi u P 2 u . . . u P 5 . 

Now we can have for any group n-set linear algebra a new 
substructure a pseudo group semigroup n-set linear subalgebra. 

DEFINITION 5.29: Let V - Vj uV 2 u ... uV n be a group 11-set 
linear algebra over the group G. Let W = Wf U W 2 U ... uW n 
be a proper n-subset ofV= Vj uV 2 u ... u V n ; each W, cr V,; 
Wi is an additive subsemigroup of the additive group V,; i = 1 , 
2 , n. If we have a proper subset H of G where H is a 
semigroup under the operations of G and W = W ) uW 2 U ... U 
W n is a semigroup n set linear algebra over the semigroup H. 
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then we call W = Wi uW 2 u ... uW„ to be the pseudo group 
semigroup n-set linear subalgebra of V over the subsemigroup 
H of G. 

We illustrate this situation by the following examples. 

Example 5.60: Let 



V = V[ u V 2 u V 3 u V 4 

= {ZxZxZJu {Z[x] all polynomials of degree less than 

\( a b\ 

or equal to five} u < ||a,b,c,d e Z } u 

led 



^a a a a a^ 



3. 3 3 3 j 



3 e Z 



be a group 4-set linear algebra over the additive group Z. Let 



W = W!UW2UW3UW 4 

= {(Z + x Z + x Z + )} u {Z + [x], all polynomials of degree 

(f a b x ' 

less than or equal to five} u < 

l c d 



a,b,c,d eZ + u 



^a a a a a^ 



^a a a a a y 



a e 2Z + 



c ViuV 2 u V 3 uV 4 
= V. 



It is easily verified that W is a pseudo group semigroup 4 set 
linear subalgebra of V. 

Example 5.61: Let 

V = Vi u V 2 u V 3 u V 4 u V 5 

= (ZxZxZxZxZ)u {Q[x] all polynomials of degree 
less than or equal to 5}u 
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U 



fa b d' 




c f g 


a,b,c,d,e,f,g,h,i, j e Q 


U i b 





[fa a a a a'l 



0 a a 
< 0 0 a 
0 0 0 
(o 0 0 



a a 
a a 
a a 
0 a 



a e Q 






a a a 
b b b 
c c c 



a 


a l 




b 


b 


a,b,c e Q 


c 







V is a group 5-set linear algebra over the additive group Z. Take 



W 



W,uW 2 u W 3 u W 4 u W 5 

{3Z + x 3Z + x 3Z + x 3Z + x 3Z + } u {2Z + [x] | all 
polynomials of degree less than or equal to 5 with 
coefficients for 2Z + } u 



f a b d^| 




O 

CTQ 


a,b,c,d,e,f,g,h,i, j e 5Z + 


U ■ iJ 





[fa a a a a'i 



0 a a a a 
0 0 a a a 
0 0 0 a a 
0 0 0 0 a 

a a a a a 
a a a a a 



a e 7Z + 



u 



a e 3Z + 



a a a a a 



Vi u V 2 u ... u V 5 . 



It is easily verified that W is a pseudo group semigroup 5 set 
linear subalgebra of V over the semigroup Z + . 
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Chapter Six 



St Fuzzy Linear EJalctisra and rrs 
Generalization 



In this chapter we define the notion of set fuzzy linear bialgebra 
and its generalized structure namely fuzzy linear n- algebra. 

DEFINITION 6 . 1 : Let V = V/ uV 2 be a set vector bispace over 
the set S. We say the set vector bispace V - V / u V 2 with the 
bimap ?j - rp u ij 2 is a fuzzy set bivector space or set fuzzy 
bivector space if // = rp u p 2 •' V = Vi u V 2 —> [0, 1] and 
Jj(ria, ur 2 a 2 ) = (rp u rp) ( r,a 7 ur 2 a 2 ) = rp (ryaf u p 2 (r 2 a 2 ) 
> Tjfaj) u t] 2 (a 2 )for all a, € V,; i = 1, 2 and r e S. We call V n 
- Vtj = ( V i u V 2 ) VJth or rjV - (rp u rj 2 ) (V , u V 2 ), to be the 

fuzzy set bivector space over the set S. 

We illustrate this by the following simple examples. 

Example 6.1: Let V = Vi u V 2 where Vi = {(4 0 0 1), (5 2 2 1) 
(1 5 5 1), (7 8 9 2), (1 1 1 1), (7 2 7 2), (1 0 5 3)} u {(1 1 2), (2 
3 4), (5 6 7), (2 3 1), (4 -1 2), (0 1 7), (0 8 0)} be the biset 
which is a set vector bispace over the set S = {0, 1}. Define a 
map r| = (r|i u P 2 ): V = V) u V 2 — > [0, 1] by pi: Vi — > [0, 1] for 
i = 1 , 2 defined by 
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rii (X, y, z, w) 



ri 2 (x, y, z, w) 



x + y + z + w 
100 



[ 0 , 1 ] 



x + y + z 
50 



[ 0 , 1 ] 



V n = ( Vj u V 2 ) ri uti is a fuzzy set vector bispace. 



Example 6.2: Let V = (3Z u 2Z + ), Z + the set of positive 
integers. Take S = Z + , V is a set vector bispace over S. Define p 
= pi u r| 2 : Vi u V 2 -» [0, 1] by; for every V; e V; , 



Oi(Vi) 



— ,i=l,2. 
v, 



Clearly pV or V n uti = (V, uV 2 ^ is a set fuzzy vector 
bispace or fuzzy vector bispace or fuzzy set vector bispace. 



Example 6.3: Let Vi = {(a,,) | ay e Z + , 1 < i, j < 7} u {(ay) | ay 
e 2Z + , 1 < i, j < 5} =Vi uV 2 bea biset. V = Vi u V 2 is a set 
vector bispace over the set S = Z + . 

Define p = pi u p 2 : Vi u V 2 — > [0, 1] by 



where Ai e Vi and |Ai| denotes the determinant value of A. 

" !<A,=w= ?itt 

where A 2 e V 2 and if |A;| = 0, 1 < i < 2 then p ; (Aj) = 0. = 

(Vi u V 2 ) ^ uri is a fuzzy set vector bispace. 



One of the main advantages of using the concept of set vector 
bispaces and fuzzy set vector bispaces is that we can at liberty 
include any element in V! or V 2 provided sx e Vi or V 2 . This 
cannot in general be done when we use usual vector bispaces. 
Another advantage of this system is that we can work with the 
minimum number of elements i.e., we can just delete any 
element in V) or V 2 (V = V) u V 2 ); if it is not going to be useful 
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for us. So we can as per our need increase or decrease the 
number of elements in the set bivector spaces. This is one of the 
chief advantages, when the use of elements mean economy and 
time. 

We give yet another example. 



Example 6.4 : Let V = Vi u V 2 where Vi = {p(x) e Z + [x], all 
polynomials in x with coefficients from Z + } and V 2 = {Z + x 3Z + 
x 5Z + x 7Z + }; V is a set vector bispace over the set Z + . Define p 
= pi u p 2 from V = Vi u V 2 to [0, 1] by 

r i 



tuCpOO) 



■ degp(x) 

1 if deg(p(x)) = 0 



where pi : Vi — > [0, 1] and p 2 : V 2 — » [0, 1] defined by 

p 2 (x, y, z, w) = . 

x +y+z + w 

Clearly = (Vi u V 2 ) is a set fuzzy vector bispace. 

Now we proceed of to define notion of set fuzzy linear 
bialgebra. 

DEFINITION 6.2: A set fuzzy linear bialgebra (V, ij) = (V/ u V 2 , 
rp u rj 2 ) or (rp u ij 2 ) (Vj u V 2 ) is an ordinary set linear 
bialgebra. V with a bimap // = /// u tj 2 : V] uV 2 —> [0, 1] such 
that rp(ai + bf > min ( rjfai ), rp (bi)); 77 2 (a 2 + b 2 ) > min 
( ih(a 2 ), rj 2 (b 2 )) and rp(r 1 a 1 ) u rj 2 (r 2 a 2 ) > ip(a,) u r/ 2 (a 2 )for a h 
b 1 eVj and a 2 , b 2 € V 2 . 

Since we know in the set vector bispace V = V 2 u V 2 we 
merely take V to be a biset, but in case of the set linear 
bialgebra V =V 2 u V 2 we assume V is closed with respect to 
some operation usually denoted by so the additional 

condition rp (ai+bj) > {min ( rji (af, >p(bi)J and t] 2 (a 2 + b 2 ) > 
min {( rj 2 (a 2 ), rj 2 {b 2 )j is essential for every a b b, e V it i = 1,2. 

We denote this by some examples. 
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Example 6.5: Let V = Vi u V 2 where Vi = Z x Z + x Z + and 



V 2 = 




b l 



a, b, c, d g Z + 



V is clearly a set linear bialgebra over the set S = Z + . Define r| : 

V — > [0, 1] where r| = r|i u r \ 2 : Vi u V 2 — > [0, 1] withr) : V| — > 
[0, 1] and r| 2 : V 2 — > [0, 1] as 



and 



ill ((x, y, z)) = 

x + y + z 



(U bY 


\ 


ad -be 


if ad * be 




= < 


5 (ad -be) 






/ 


0 


if ad = be 



Clearly = (Vi u V 2 ) ^ ^ is a fuzzy set linear bialgebra. 



Example 6.6: Let V = V, u V 2 where 



and 




b c 
f g 



d l 



a, b, c, d, e, f , g, h e Z + 





f a l 








b 








c 




a, b, c, d, e g 2Z + 




d 















be a set linear bialgebra over Z + . Define r| = ri 1 uri 2 :V = ViU 
V 2 — > [0, 1] by 



240 




’ll 



abed 
e f g h 



1 



(a + b + c + d) (e + f + g + h) 



as both a+b+c+d^O and e+f+g+h^O which is true. 



r| 2 









a + c + e 



Clearly = (Vi u V 2 ) n i ,j n2 is a set fuzzy linear bialgebra. 

Example 6.7: Let V = Vi u V 2 where Vi = Z 10 [x] and V 2 = Z 10 
x Zio x Zio x Z 10 . V = Vi u V 2 is a set linear bialgebra. Define r| 
= r|i u r\ 2 : V = Vi u V 2 [0, 1] by 



hi(pW) 



1 

■ degp(x) 

1 if p(x) is constant or 0 



and 



r| 2 (a, b, c, d) = 



if a + b + c + d^ (mod 1 0) 

■ a + b + c + d 

1 otherwise 



Vr| is a set fuzzy linear bialgebra. 

Now we proceed onto define the notion of fuzzy set vector 
subspace and fuzzy set linear subalgebra. 

DEFINITION 6.3: Let V - V/ UV 2 be a set vector bispace over 
the set S. Let W - W t U W 2 cr V/ u V 2 be the set vector 
bisubspace of V defined over S. If 7 / = rp u rj 2 : W ~ W / u W 2 
—> [0, 1] then W n = (W t u W 2 )^ iKJ ^ is called the fuzzy set 

vector bisubspace of V. 
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We illustrate this by the following example. 

Example 6.8: Let V = {(1 1 1), (0 1 1), (1 0 1), (0 1 0), (1 1 0), 
(0 0 0)} u {Z 2 [x]} = V, u V 2 be a set vector bispace over Z 2 = 
{0, 1}. Define p = rp u p 2 : V = Vi u V 2 -» [0, 1] by pi : Vi -» 



V ' f 1 

[0, 1] and p 2 : V 2 - 


■> [0, 1] 


1 L ? J ~ J 


Th(l 1 1) 


= 1 


Pi (10 1) = 0 


Til (0 1 1) 


= 0 


Pi (0 10) = 0 


Til (1 1 0) 


= 0 


p (0 0 0) = 0 


and 




1 

degp(x) 

0 if p(x) is constant or 0 


42 [p(x)] 


= < 



Take W = Wi u W 2 = {(1 1 1), (0 0 0)} u {All polynomials of 
degree less than or equal to 4}. 

Now p = pi u r \2 : W — > [0, 1] is well defined and Wp = 
(Wi u W 2 ) ^ is a fuzzy set vector bisubspace of V = Vi uV 2 . 

Example 6.9: Let 

V = ViUV 2 

= {Z 15 X Zi 5 x Z 15 } U 



be a set vector bispace over Z l5 . Define p = piup 2 : V = V) u 
V 2 ^[0, 1] by 



b ' 
d 



a, b. c, d g Z, 



fo 



pi(ab c) = 



■ 1 
a + b + c 



ifa + b + c=15 or 0(mod 1 5) 
ifa + b + c ^0 
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T a 


bV 




d h 



0 

< 1 
a + b + c + d 



ifa + b + c + d= O(mod 1 5) 
ifa + b + c + djz' O(mod 1 5) 



Now = (Vi u V 2 ) i is a fuzzy set vector space. Take W 
Wi u W 2 c Vi u V 2 where 



and 



W, = {0} x Z 15 x Z 15 cVj 




b N 

d . 



a, b, c, d e Z 15 



= (WiuW^,, utb is a fuzzy set vector subspace of V. 



Pi (ab 0) 



0 

1 

0 + a + b 



if 0 + a + b = 0(mod 1 5) 
if 0 + a + b & 0(mod 1 5) 



(U 


bV 


X° 


d i 



0 

< 1 
a + b + 0 + d 



ifa + b + 0 + d = 0(mod 1 5) 
ifa + b + 0 + d^ 0(mod 1 5) 



W,, = (WiuW^junj is a fuzzy set vector subspace of V. 
Example 6.10: Let V = Vi u V 2 where 

17 a b I . 1 



Vi = 



a, b, c, d, e, f eZ 



and 



V 2 = {Q + x Q + x Z + x Z + }. 

V = Vi u V 2 is a set vector bispace over the set S = Z + 
Define p = pi u p 2 : Vi u V 2 = V — > [0, 1] by 
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a b c 
d e f 



1 

a+b+c+d+e+f 




if a + b + c + d>l and an int eger 

r) 2 (a b c d) = < a + b + c + d 

0 ifa + b + c + d<lora proper rational 

of the form p/q, q * 0. Vr, = (Vi u V 2 ) is a fuzzy set vector 
bispace. Take W = Wi u W 2 c V! u V 2 = V where 




and 

W 2 = 5Z + x 3Z + x 2Z + x 7Z + c V 2 . 

Clearly W r| = (Wi u W 2 ) a is a fuzzy set vector bisubspace 
of V. 

Now we proceed onto define the notion of fuzzy set bilinear 
algebra. 

Example 6.11: Let V = Vi u V 2 where 




and 

V 2 = {Z + [x]| all polynomials in the variable x with coefficients 
from Z + }. V = Vi u V 2 is a set linear bialgebra over Z + . Define 
r\ = Tp u ri 2 : Vi u V 2 -> [0, 1] by 
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Ill 






a a 
a a 
a a 



v a a y 



= ~ and r) 2 (p(x)) = - — 

8a deg p(x) 



Clearly V n = (V! u V 2 ) ^ is a fuzzy set linear bialgebra. 

Take W = Wi u W 2 c Vi u V 2 = V where 



Wi = 



3a 


3a 


3a 


3a 


3a 


3a 


3a 


3a 


3a 


3a 



V, 



and 

W 2 = {All polynomial in the variable x of even degree} cr V 2 ; 
= (Wi u W 2 )r| lUTl2 is a fuzzy set linear subbialgebra of V. 



Example 6.12: Let V = Vi u V 2 where 

Vi ={Z 12 x Z 12 x Z 12 x Z 12 } 

and 

^a b 

V, = \ I d e f 

,g h iy 



a, b, c, d, e, f , i e Z. 



We see V is a set linear subbialgebra of V over Z 12 . Take 



W = W,uW 2 = 





^a b 








{Zi 2 x{0}xZ 12 x{0}} u < 


0 e 


f 




a, b, c, d,e, f, i e Z 12 




v° 0 


K 
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Define r| = rp u r| 2 : Vi uV 2 — > [0, 1] by 



r) i (a b c d) = 



0 

< 1 
a + b + c + d 



ifa + b + c + d=0(mod 12) 
ifa + b + c + d^" 0(modl2) 







' a b c' 






fiz • 




d e f 




> = < 






v§ h iy 







if a ^0 
if a = 0 



Now V n = (V| u V 2 ) i is a fuzzy set linear bialgebra. W r| = 
(Wi u W 2 ) ut)i is a fuzzy set linear bisubalgebra of V^. 



Now we proceed onto define fuzzy semigroup vector bispaces. 

DEFINITION 6.4: A semigroup fuzzy vector bispace or a fuzzy 
semigroup vector bispace V n (or rjV) is an ordinary semigroup 
vector bispace V over the semigroup S; with a bimap rj = rjj u 
rj 2 ; V = V] uV 2 —> [0, 1 ] satisfying the following conditions 
tj(ra) = rjfrjai) u Tj 2 {r 2 a 2 ) is such that rjfriai) > rp(ai) and 
rj 2 (r 2 a 2 ) > r/ 2 (a 2 )for all a 2 e Vj and a 2 e V 2 and r h r 2 <= S i.e., // 
fra) = Tji(r,a,) u ij 2 (r 2 a 2 ) > rp (af u r/ 2 (a 2 ). 



We illustrate this by some examples. 

Example 6.13: Let V = V) u V 2 where Vi ={(1111 1), (0 1 1 
1 0), (1 0 0 0 1), (0 0 0 0 0)} and V 2 = {Z 2 x Z 2 x Z 2 x Z 2 x Z 2 }. 
V is a semigroup vector bispace over the semigroup Z 2 = {0, 
1}. Define r| = Tp u r| 2 : V = V) u V 2 — > [0, 1] by 



and 



pi (a b c d) = 



(a + b + c + d) (mod 2) 
5 



, . (a + b + c + d + e) (mod 2) 

p 2 (a b c d e) = 
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is a fuzzy semigroup vector 



Clearly V n = (V, u 
bispace. 

Example 6.14: Let V = {Z 5 x Z 5 x Z 5 } u {Z 5 [x]; all 
polynomials in x of degree less than or equal to 10 with 
coefficients from Z 5 } = Vj u V 2 . V is a semigroup vector 
bispace over the semigroup Z 5 . 

Define r| = rp u r\ 2 ■ V — >■ [0, 1]; rp : Vi — > [0, 1] with 

if x + y + z ;zr 0(mod 5) 

rp (xy z) = (x + y+z) 

0 if x + y + z = 0(mod5) 

fi 2 : V 2 — » [0, 1] given by 

r\i (p (x)) = ; fi 2 (p(x)) = 0 if p(x) is a constant. 

deg (p(x)) 

Clearly V n = (V| u V 2 ) n| . ;rb is a fuzzy semigroup vector 
bispace. Define another bimap 8 : V — > [0, 1] as 8 = Si u 8 2 : 
Vi u V 2 — > [0, 1] by 8i : Vi — > [0, 1], S 2 : V 2 — > [0, 1] where 

if x + y & 0;not modulo addition 

Si (x y z) = < 5(x + y + z) 

0 if x + y + z = 0;i.e.,x = y = z = 0 

S 2 (p(x)) = ; S 2 (p(x)) = 0 if p(x) is a constant. 

3 deg p(x) 

Vg = (Vi u V 2 ) 5| <n _ is yet another fuzzy semigroup vector 

bispace. Thus given any semigroup vector bispace, we can 
obtain infinite number of fuzzy semigroup vector bispaces. 

Thus we can have several semigroup fuzzy vector bispaces 
for a given semigroup vector bispace. This is the advantage of 
using the notion of fuzzy semigroup vector bispaces. 
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Now we proceed onto define the notion of fuzzy semigroup 
vector bispaces. 

DEFINITION 6.5: Let V - V I u V 2 be a semigroup vector 
bispace over the semigroup S. Suppose V t] = (Vi uV 2 ) ^ is a 

semigroup fuzzy vector bi space ofV and if W = W/ uW 2 crVi 
u V 2 is a semigroup vector subbispace of V, then W n - (Wj u 
W 2 ) ^ is defined to be the semigroup fuzzy vector subbispace 

of V; where rj : W —> [0, 1] i.e., rj is the restriction of p to W 
i.e., //, : W i —>[0, 1] and rf 2 : W 2 —>[0, 1], 

We illustrate this by some examples. 

Example 6.15: Let 

V = ViuV 2 

' a b c^j 

d e f a, b, c, d, e, f, g, h, i e Z + u {0} > u 
h 0 

{Z° x Z° x Z° x Z° | Z° = Z + u {0}} 

be a semigroup vector bispace over the semigroup Z° = Z + u 
{0}. Define p = pi u r| 2 : V = Vi u V 2 — > [0, 1] by 

if a + e + i ^ 0 

< a + e + i 

0 ifa + e + i = 0 

P 2 : V 2 — > [0, 1] is defined by 





1 

p 2 (a, b, c, d) = <! a + b + c + d 



0 



if a + b + c + d^ 0 
if a + b + c + d = 0 
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Vr, = (Vi u V 2 ) is a semigroup fuzzy vector bispace. 
Take 



W 



W, u W 2 





' a 


a 


a l 




a 


a 


a 




v a 


a 





Vi u V 2 



z° 



u {(a a a a) | (a e Z 0 } 



is a proper semigroup vector subbispace of V. Now r\ i : Wi ->• 
[0, 1 ] is given by 





^a a al 




r i 








— if 3a ^0 


ill 


a a a 


— < 


3a 




v a a a y 




0 if 3a = 0 



and r \2 ■ W 2 — »• [0, 1] given by 



11 2 (a a a a) = 

is such that W,, = (Wi u W 2 ) 
subbispace of V. 



J_ 
■ 4a 

0 






if a ^0 
if a = 0 

is a semigroup fuzzy vector 



Example 6.16: Let 

V = ViuV 2 



— {Zi6 X Zi6 X Zi6 X Zi6} 



a a a a 

a a a a 





t 


a 


a G Z [6 | 


a . 


J 



be a semigroup vector bispace over the semigroup Z 16 . Let 
W = Wi u W 2 

= {S X s X s X s I S = {0, 2, 4, 6, 8, 10, 12, 14}} 



r 












1 




a 


a 


a 


a 


a 




u 












aeS 


1 


l a 


a 


a 


a 


a J 


J 
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c V = ViUV 2 . 



W is a semigroup vector bisubspace over the semigroup Z 16 . 
Define p = pi u p 2 : Wi u W 2 -» [0, 1] as follows : 
pi : Wi — > [0, 1] defined by 

1 



r|i (a b c d) z 
p 2 : W 2 — » [0, 1] defined by 



if a ^0 
if a = 0 



















a 


a 


a 


a 


a 




fi2 












= < 




v a 


a 


a 


a 







1 

10a 

0 



if a ^0 
if a = 0 



Clearly W n = (Wi u W 2 ) is a semigroup fuzzy vector 
bisubspace. 

Now we proceed onto define semigroup fuzzy linear bialgebra. 



DEFINITION 6.6: Let V = V j u V 2 be a semigroup linear 
bialgebra defined over the semigroup S. We say V n or fj V or 
(Vj u V 2 ) or ( rhUJj 2 ) (Vj u V 2 ) is a semigroup fuzzy linear 

bialgebra if r/ : V s uV 2 —> [0, 1] where 7/ = rp u p 2 such that 
i]i : Vj —> [0, 1] and rj 2 : V 2 —> [0, 1] satisfying the conditions 
Vi( x < + yd - m in( tli( x )> Vi(y )); Vi( rx i) ^ ? h( x i) ; i = h 2 for every r 
e S; y„ Xi e V,; i- 1,2. 

Now we illustrate this by a few examples. 

Example 6.17: Let 

V = ViuV 2 

= {z 8 X Z 8 X Z 8 } u 

be a semigroup linear bialgebra over the semigroup Z 8 . Define p 
= pi u p 2 : V — > [0, 1] as follows : 



a 5 a 6 y 



a. g Z • 1 < i < 6 
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r( i : Vj — > [0, 1 ] is defined by 



m (xyz) = 



■ x 



[0 



if x*0 
if x = 0 



rj 2 : V 2 — > [0, 1] defined by 



1I2 



a 2 



W a 4 a 5 a e/y 



if a 6 ^0 



if a 6 =0 



Vr, = (Vi u V 2 ) u is a semigroup fuzzy linear bialgebra. 



Example 6.18: Let V = V| u V 2 = (p(x) | p(x) e Z 9 + [x] where 
p(x) is of degree less than or equal to 9 with coefficients from 
Z + } u 

f a 

e 



is a semigroup linear bialgebra over the semigroup Z + . Define q 
= pi u q 2 : V = Vi u V 2 ^ [0, 1] by 

pi : Vi —> [0, 1] such that 

Pi (p(x)) = ; pdpfx)) = 0 if p(x) is constant or 0 



1 

a+b+k+p 

Vr, = (Vi u V 2 ) is a semigroup fuzzy linear bialgebra. 

We see as in case of fuzzy set vector spaces and semigroup 
fuzzy vector spaces the notion of fuzzy set vector bispaces and 



deg p(x) 

q 2 : V 2 — > [0, 1] is such that 



bed 
f g h 

j k 1 



A 



m n 



0 p J 



bed 
f g h 

j k 1 

n O p y 



a, b, ..., p g Z + 
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semigroup fuzzy vector bispaces are identical. Likewise the 
notion of fuzzy set linear bialgebra and fuzzy semigroup linear 
bialgebra are also identical. This sort of visualizing them as 
identical algebraic structures is done using the fuzzy tool which 
will be useful in applications. We as in case of fuzzy set linear 
algebras define these structures as fuzzy equivalent algebraic 
structures. 

Thus we see fuzzy set linear bialgebra and semigroup fuzzy 
linear bialgebra are fuzzy equivalent though set linear bialgebra 
and semigroup linear bialgebra are different from each other. 

Now we proceed onto define group fuzzy vector bispaces 
and group fuzzy linear bialgebras. 



DEFINITION 6.7: Let V — V / U V 2 he a group linear bialgebra 
over the group G. Let p = /// U p 2 : V - V j UV 2 —> [0, 1] such 
that 

pi (ai + bj) > min ( pi (ad, pfbd) 
p, (-ad = p; (ad 

Pi (0) = 1 

Pi (rad - hi ( ®i)f or till a„ b l g Vj and r € G, i = 1, 2. 

We call V n - ( Vj u V 2 ) to be the group fuzzy linear 

bialgebra. 

Likewise the same definition holds good for group fuzzy vector 
bispaces as both group fuzzy vector bispaces and group fuzzy 
linear bialgebras are fuzzy equivalent. 

Now we illustrate this by some examples. 



Example 6.19: Let 

V = ViuV 2 

= {Z x Z x Z} u 



b 

e 



a,b, c,d,e,f e Z 



be a group vector bispace over the group Z. Define q = r)i u q 2 
: V = Vi u V 2 — »■ [0, 1] where 
qi : Vi — » [0, 1] is such that 
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1 



if a + b + c^O 



i'll (a b c) = \ 



5 |(a + b + c)| 

ll 



p 2 : V 2 — >• [0,1] such that 



h 2 



a b c 

d e f , 



1 

a + b + c + e 

1 



ifa + b + c = 0 

if a+b+c+e^O 
if a+b+c+e=0 



r| = ri! u t |2 : V — » [0, 1] is well defined. = (V i u V 2 ) 
is a group fuzzy linear bialgebra. 



Example 6.20: Let V = Vi u V 2 be such that Vi = {Z[x] all 
polynomials of degree less than or equal to 25 } u {Z x Z x Z x 
Z} be a group linear bialgebra over the group Z. Define 
r| = r|iUr| 2 :ViuV 2 — > [0, 1 ] as follows 
Pi : Vi ->• [0,1] by 



hi (P(x)) = 



hi(p(x)) 



1 

degp(x) 



[pj(a) = 1 aeZ 



p 2 : V 2 — > [0, 1] is defined by 

r i 



p 2 (a b c d) = 



< | a + b + c + d | 
1 



if a + b + c + d^0 
if a + b + c + d = 0 



Vr, = (Vi u V 2 ) n UTl2 is a group fuzzy linear bialgebra. 

Now we proceed onto define the notion of fuzzy group vector 
bisubspace and fuzzy group vector bisubalgebra. 

DEFINITION 6.8: Let V = V ) u V 2 be a group vector bispace 
over the group G. Let W - W/ uW 2 uV 2 - V, where W is 
a group vector subspace of V. 
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Define // = /// u rj 2 : W = Wj uW 2 —> [0, 1] such that /// : 
W/ —> [0, II, ij 2 : W 2 —> [0, 1 1 where 77 , (a, + bi) > min 

( bi(a,), 11 i (bi)) 

ili (ad = Vi (~ a d 
V< (0) = 1 

Vi ( ra t ) — i' Vi ( a df or all a, e V, and r <= G; i = 1, 2. 
We call W,j - (Wj uW 2 ) OI)i to be the group fuzzy bivector 

subspace. 

We illustrate this definition by an example. 

Example 6.21 : Let 

V = ViuV 2 

fa a a a a^i 

= {Z x Z x Z x Z) u aeZ 

Ha a a a a) 

be a group vector bispace over the group Z. Take 
W = W, uW 2 

fa a a a a H 

= {2Z x 2Z x 2Z x {0}} u a e 2Z 

Ha a a a aj 

c V = Vi u V 2 

is a group vector subbispace of V. Define p = p!Up 2 :W = Wi 
u W 2 — > [0, 1]; pj : Wi — > [0, 1] and p 2 : W 2 —> [0, 1] with 

ifx + y + z^O 

pi (x y z 0) = < x +y +z 

1 ifx + y + z = 0 




if a ^0 
if a = 0 
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W n = (Wi u W 2 ) is a group linear fuzzy subalgebra. 

Further as our transformation to a fuzzy set up always demands 
only values from the positive unit interval [ 0 , 1 ] these 
semigroup vector bispaces or set vector spaces would be more 
appropriate than the ordinary vector bispaces. 

Further we see even in case of Markov biprocess or Markov 
bichain, the transition probability bimatrix is a square bimatrix 
whose entries are non negative adding up to one. So in such 
cases one can use set vector bispaces where 

V = V,u Vj . {(al)^ | ala [0,1]} 

u {WUH 6[<U] } 



n l 



with 


X a U = 1 

ij=i 


for 


1 <k[ 


<nj 


and 


2 a L - 1 


for 


1 <k 2 


(N 

c 

VI 



w 

is a set vector bispace over the set [0, 1]. So these new notion 
not only comes handy but involve lesser complication and lesser 
algebraic structures. 

DEFINITION 6.9: Let V = Vi uV 2 be such that Vi is a set vector 
space over the set Si and V? is a set vector space over S 2 ; Si ^ 
S 2 - We define V -V] uV 2 to be the biset bivector space or biset 
vector bispace over the biset S - Si uS 2 . 

Let 77 - rji uij 2 : V - Vi uV 2 —> [0, 1] 

where ip : V\ —>[0,1] and 

O 2 : V 2 -> [0, 1] 

such that 

t]i(riai) > th(ai) for all ri g S, and ai eVi. 

Tji ( r 2 a 2 ) > 772 ( a 2 ) for all r 2 £ S 2 and a 2 £ V 2 . 

V n = ( Vi uV 2 ) Vl uri2 is a biset fuzzy vector bispace. 

We illustrate this by some simple examples. 

Example 6.22: Let 
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V 



VjuVj 



= {Z + x Z + x Z + ) u 






t 


a 


a g Z 10 




J 



be a biset bivector space over the biset S = 3Z + u Zi 0 ie Vi is a 
set vector space over the set 3Z + and V 2 is a set vector space 
over Z 10 . 

p = pi u r) 2 : V = Vi u V 2 ->■ [0, 1] 
i.e., Pi : Vi — » [0, 1] and p 2 : V 2 -> [0, 1] 

Pi (x y z) = . 

x + y + z 



■H2 



/ 




„ \ 




a 


a 


a 


= < 


V a 


a 


a J 





J_ 

6a 

1 



Vp is a biset fuzzy bivector space. 



if a ^0 



if a = 0 



We give yet another example. 



Example 6.23: Let 



V 



VjUVs 

{(1 1 1 1), (0000), (0011), (1100), (1001), (0110)} 



be a biset vector bispace over the biset S = Si u S 2 where Si = 
{0, 1} and S 2 = Zi 2 . 

Define p = pi u p 2 : V = Vi u V 2 -> [0, 1] by pi ; Vi ->• [0, 1] , 
p 2 : V 2 ^ [0, 1]; with 



pi (a b c d) = 



1 

■ 4(a + b + c + d) 

1 



ifa + b + c + d^0 
if a + b + c + d = 0 
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if ad - be * 0 



'a b ] 

p 2 = < 3 (ad -be) 

^ 0 if ad -be = 0 

Now we proceed onto define the notion of biset fuzzy vector 
bisubspaces. 

DEFINITION 6.10: Let V = Vi u y 2 be a biset vector bispace 
over the biset S - Si u S2- Let W = Wi u W2 cz Vi UV2 - V be 
a proper bisubset of V which is a biset vector bispace over the 
same biset S - S t u S2. 

Define 77 = ?// U i] 2 : W —> [ 0 , 1 ] by rji : W/ —> [ 0 , 1 ] and 
r/2 ■' W2 —> [0, 1] then we call W i, - [Wj u W2) ni ut l2 to be the 
biset fuzzy vector subbispace. 

We illustrate this by some examples. 

Example 6 . 24 : Let V = Vj u V 2 = {Z w x Z l0 x Zi 0 } u {Z u x 
Z12 x Z12 x Z12 x Z12} be a biset vector bispace over the biset S 
= Z10 u Zi 2 . Let W = {Si x Si x Si where Si = { 0 , 2 , 6, 4 , 8}} 
u {S 2 x S 2 x S 2 x { 0 } x S 2 where S 2 = { 0 , 3 , 6, 9 } } = Wi u W 2 
cz Vi u V 2 be a biset vector subbispace of V over the biset S = 
Z10 u Z12. Define the bimap p = rj 1 u ri 2 : Wi u W2 — > [ 0 , 1 ] : 
by pi : Wi — >• [0 , 1] and 

p 2 : W 2 ->■ [0 , 1 ] given by 

if x + y + z 7* 0(mod 1 0) 

Pi (x y z) = < x + y + z 

1 if x + y + z =0(modl0) 

if x + y + z + 0 + tX 0(mod 12) 

p 2 (x y z 0 t)= < x + y + z + 0 + 1 

1 if x + y + z + 0 + 1 =0(modl2) 

W,! = (Wi u W2)^ 1 wti 1 is a biset fuzzy vector bispace. 
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Example 6.25: Let 



V 



VjuV, 

{Z x Z x Z x Z} u 



b 

e 



a, b, c, d, e, f e Z, 



be a biset vector bispace over the biset S = Zu Z 15 . Consider 
W = WiuW 2 



= {2Zx 2Z x {0} x {0} } u 



a 

a 



\ 


t 


a 


a e Z [5 


a. 


J 



c V,uV 2 = V 



be a biset vector subbispace of V over the same biset S = Zu 
Z 15 . Now consider p the fuzzy set where p = ip u p 2 with p! : 
W \ — ^ [0, 1] and p 2 : W 2 — » [0, 1] defined by 



Pi (a b 

and 

f a 

112 



Clearly Wp = (Wi u W 2 ) n|lJTb is a biset fuzzy bivector space. 

DEFINITION 6.11: Let V — Vi (_y C 2 be a biset linear bialgebra 
over the biset S - Si u S 2 - Define tj- r/i u r/ 2 : V = Vj uV 2 —> 
[0,1] in the following way 77 , : V, —> [0, 1], i = 1, 2 such that 
t)i(ai + bi) > min ( 77 ,- (a,), r/i(bi))for all a h b { e V h i = 1, 2. 
V^-(V] uV2)n 1 u7 l2 is a biset fuzzy bilinear algebra. 

We illustrate this by some simple examples. 



0 0 ) 



1 



a + b 
1 



if a + b ^ 0 
if a + b = 0 



a a 
a a 



if a ^0 
if a = 0 
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Example 6.26: Let 



V 




a, b, c, d e Z 12 ^ u {Z 5 x Z 5 x Z 5 x Z 5 } 



be a biset linear bialgebra over the biset S = Z i2 u Z 5 . Define r| 
= r|iur| 2 : V — » [0, 1] by r|i : Vi ->• [0, 1], r| 2 : V 2 [0, 1] such 
that 



ill 



fa bl 

v C d . 



1 

a+b+c+d 

1 



if a + b + c + d ^0(modl2) 
if a + b + c + d=0(modl2) 



r| 2 (a b c d) 



if a + d ?? 0(mod5) 

■ a + d 

1 if a + d =0(mod5) 



Clearly = (Vi u V 2 )^ is a biset linear fuzzy bialgebra. 

Example 6.27: Let V = Vi u V 2 = {Z + [x]} all polynomials in 
the variable x with coefficients from Z + } u 



f 


— 










a l 


a 2 


a 3 


a 4 




a 5 


a 6 


a 7 


a 8 




_ a 9 


a io 


a il 


1 

cT 



a t e 2Z > . 



V is a biset linear bialgebra over the biset Z + u 2Z. Define the 
bimap p = rj i u p 2 : V = Vi u V 2 — >■ [0, 1] by 

r| i(p(x)) = - — — — ; pi(p(x» = 1 if p(x) is a constant 
deg p(x) 

and 



259 




a i a 2 a 3 a 4 
W a 5 a 6 a 7 a 8 

v a 9 a iO a il a i2 

if a l + a, +a 3 +a 4 ^ 0 

3-1 + ^2 H - 3^ H - 3^ 

1 if a t + a, +a, +a 4 =0 

We see = (Vi u V 2 ) n ( _,, Vl is a biset fuzzy linear bialgebra. 

Now we proceed onto define the notion of biset fuzzy linear 
bialgebra. 

DEFINITION 6.12: Let V = V 2 uV 2 be a biset linear bialgebra 
over the biset S - Si uS 2 . Let W ~ W t uW 2 c:V 1 uV 2 - V be 
a biset linear subbialgebra of W over the biset S = Sj u S 2 . 
Define ij = /// U // 2 : Wi uW 2 —> [0, 1] by /// : Wj —> [0, 1] and 
77? : W 2 —> [0, 1], We see Wt) = (W 2 u W 2 ), 1]Uri2 is a bi set fuzzy 
linear subbialgebra. 

We illustrate this by some examples. 

Example 6.28: Let 

V = VjuVj 

a, b, c, d, e, f e Z 5 j u Z 4 x Z 4 x Z 4 x Z 4 

be the biset linear bialgebra over the biset S = Z 5 u Z 4 . Let 
W = WiuW 2 

a e Z 5 | u {(a a a a) | a e Z 4 } 

cV = ViuV 2 
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be the biset linear subbialgebra. Define p = rj ! u p 2 ■ W — >■ [0, 
1] as rji : Wi — » [0, 1] and p 2 : W 2 — » [0, 1] as 



ill 



^a a a^ 



vv a a a , 



if a ^ 0 
if a = 0 



r | 2 = (a a a a) = 



J_ 

■ 4a 

1 



if a ^ 0 
if a = 0 



W n = (Wi u W 2 ) 11 l ur , 2 is a biset fuzzy linear subbialgebra. 



Example 6.29: Let 

V = Vi u V 2 

= {Z[x]}uJ 



a b c g 
d e f h 



a, b, c, d, e, f, g, h e Z 2 



be a biset linear bialgebra over the biset S = Zu Z 23 . Take 



W = W]UW 2 

= {all polynomials of even degree with coefficients from 



Z} u 
C V!UV 2 



^a a a a x 



y3 cl 3 3 . j 



aeZ, 



which is clearly a biset linear bialgebra over the same biset S = 
Z UZ 23 . Define the bimap p = Tp u ri 2 : Wi u W 2 — > [0, 1] as pi 
: Wj — » [0, 1], p 2 : W 2 — » [0, 1] as, 

Pi(p(x)) = - — — ; pi(p(x)) = 1 if p(x) is a constant 



h2 



deg p(x) 

X\ 



a a a a 



^ v a a a a^ 



J 



if a ^ 0 
if a = 0 
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Now W n = (Wi u W 2 )^ 1 uri 1 is a biset fuzzy linear 
subbialgebra. 

Example 6.30: Let 

V = VjuV, 



r a b^ 




c d 


a, b, c, d, e, f, g, h g Z + u {0} = Z° 


e f 


U h y 





{2Z x 2Z x 2Z} 

be a biset linear bialgebra over the biset S=Z°u 2Z. Take 
W = 

cz 



W[ u W 2 



^a a^ 



a a 
a a 
a a 

v 

V[ u V 2 = V, 



V 



aeZ" 



^ u{2Zx2Zx {0}} 



W is a biset linear subbialgebra of V. Define the bimap p = p i 
u p 2 : W = Wi u W 2 — >• [0, 1] as pi : Wi — >• [0, 1] and p 2 : W 2 
— > [0, 1] defined by 



hi 



^a 


a^ 




1 




a 


a 




if a ^ 0 






— < 


a 




a 


a 




1 


if a = 0 


v a 


a; 


1 





p 2 (a b 0) = 



1 

■ a + b 
1 



if a + b ^ 0 
if a + b = 0 
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We see = (Wi u W 2 ), ll uri, is a biset fuzzy linear 
subbialgebra. 

Now we proceed onto define the notion of quasi semigroup 
fuzzy bialgebra. However it is pertinent to mention though quasi 
semigroup bilinear algebra is different from semigroup linear 
bialgebra but semigroup fuzzy bilinear bialgebra and quasi 
semigroup fuzzy linear bialgebra are one and the same. 

DEFINITION 6.13: Let V - Vj uV 2 be a quasi semigroup linear 
bialgebra over the set S. Define 77 = 77 t u rj 2 : V —> [0, 1] as rji 
: Vi —>[0, 1] and tj 2 : V 2 —> [0, 1] such that V r} = (V 1 U V 2 ) n is 
a quasi semigroup fuzzy linear bialgebra. 

We illustrate this by the following example. 

Example 6.31: Let 



V = ViuV 2 

= {(1 0 0 0 ), (0 0 0 0 ), (1 1 1 0 0 ), (00 00 0 ), (1 1 0 ), 
(0 1 1), (0 0 0), (1 0 1)} u|f a b l | a, b c d e Z, 



c d 



be a quasi semigroup, linear bialgebra over the set Z 2 . Define q 
= Pi u r| 2 : V = Vi u V 2 [0, 1] by rq((l 0 0 0)) = 1, qi((0 0 0 

0)) = 0, ru((0 0 0 0 0)) = 0, qi((l 10))=^, ru((0 0 0)) = 0, 

Pi((0 1 1)) =J, Pi ((1 0 1)) where pp Vi -> [0, 1] and p 2 : 
V 2 [0, 1]; 



h2 



a b 
c d 



1 

■ a + b + c + d 
1 



if a + b + c + d^ 0(mod 2) 
if a + b + c + d= 0(mod 2) 
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Clearly = (V, u V 2 ) r|l uTi 2 is a quasi semigroup 

fuzzy linear bialgebra. 

Now we proceed onto define the notion of bisemigroup fuzzy 
bivector space over a bisemigroup S = Si u S 2 . 

DEFINITION 6.14: Let V— V] u V 2 be a bisemigroup bivector 
space over the bisemigroup S - Si u S 2 . Let tj = /// u tj 2 be a 
bimap from V = V t uV 2 into [0, 1], if tji fa, + b,) >min ( r/fat), 
r/i(bi)) and r/^rtai) > rpj^ a,) for all a„ b t g V, and r, g S, ; i = 1, 
2. Then we call V n = (ViUV 2 ) tllU1l2 to be a bisemigroup fuzzy 
vector bispace or bi semi group fuzzy bivector space. 

We illustrate this by a simple example. 

Example 6.32: Let 



V 



Vi u V 2 

{(a a a) | a g Z 6 } u 




a, b, c, d e Z + 



be a bisemigroup vector bispace over the bisemigroup S = Z 6 u 
Z + . Define a bimap rj = r| 1 uri 2 :V = V 1 uV 2 ^[0, 1] by pi : 
V 1 — ^ [0, 1] is such that 




if a =£ 0 
if a = 0 

1 

a + d 



Clearly V n = (ViuV^ Ut1 is a bisemigroup fuzzy vector 
bispace. 
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We define now the notion of bisemigroup fuzzy linear 
bialgebra. 



DEFINITION 6.15: Let V - V/ u V 2 be a semigroup linear 
bialgebra over the bisemigroup S - Si u Si- Suppose 77 = rp u 
tj 2 : V - V/ u V 2 —> [0, 1] is a bimap such that V/ip is a 
semigroup fuzzy linear algebra and VW/2 is a semigroup fuzzy 
linear algebra then V n - (Vi uV 2 ) rll uri 2 ‘ s a bisemigroup fuzzy 
linear bialgebra. 

We illustrate this by some examples. 



Example 6.33: Let 



V 


1 ^ V 2 








' a l 


a 2 


a 3 " 




< 


a 4 


a 5 


a 6 


a, e 3Z + u {0};1 < i < 9 




^a 7 al 


a 9y 





x 2Z + x 2Z + } 



u {2Z + x 2Z + 



be a bisemigroup linear bialgebra over the bisemigroup S = 
(3Z + u {0}) u 2Z + . Define the bimap p = pi u r \ 2 ■ V = Vi u 
V2 — > [0, 1] such that pi : Vi — » [0, 1] 



hi 



^a, a 2 a 3 Al 



V a 7 a 8 a 9/j 



aj +a 5 + a 9 



if a t +a 5 +a 9 ^ 0 
if a t +a 5 +a 9 = 0 



p 2 : V 2 ^ [0, 1]; p 2 (a b c d) = — -. 

a+b+c+d 



V T| = (ViuV 2 ) r | ! ' ; 1 1 2 is a bisemigroup fuzzy linear bialgebra. 

Example 6.34: Let V = V| u V 2 = {Z + [x]} u {3Z x 3Z x 3Z x 
3Z} be a bisemigroup linear bialgebra over bisemigroup S = Z + 
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u 3Z. Define r| = rj ! u r| 2 : V = Vi u V 2 — > [0, 1]; rj x : Vi — » [0, 
1] and r| 2 : V 2 -» [0, 1], 



m(p(x)) 



l 



deg p(x) 



; ih(pOO) 



r| 2 (a b c d) = 



1 



a+b+c+d 

1 



1 if p(x) is a constant 



if a+b+c+d^0 
ifa + b + c + d = 0 



Vipi and V 2 r |2 are semigroup, fuzzy linear algebras so V T| = (V i 
u V 2 ),| ! .. Ib is a bisemigroup fuzzy linear bialgebra. 

Now we proceed onto define the notion of bisemigroup fuzzy 
linear subbialgebra. 

DEFINITION 6.16: Let V = V / u V 2 be a bisemigroup linear 
bialgebra over the bisemigroup S - Si u S 2 . Let W = W/ u W 2 
cr V/ U V 2 - V be a bisemigroup linear subbialgebra of V. 
Define a bimap /} = /// U ij 2 : W / uW 2 —>[0, 1] such that /// : 
W 1 —> [0, 1] and rj 2 : W 2 —>[(), 1] so that W 2 /// and W 2 t) 2 are 
semigroup fuzzy linear subbialgebras. We call W r/ - 
( W 1 uW 2 ) n]Utl to be a bisemigroup fuzzy linear subbialgebra. 

We illustrate this by the following examples. 

Example 6.35: Let 

V = ViuV 2 

= {3Z + x 3Z + x 3Z + x 3Z + x 3Z + } u 

a, b, c, d g Z 

be a bisemigroup linear bialgebra over the bisemigroup S = 3Z + 

^ Z 20 . 

Take 




{'a b 

|l c d 
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w 



W,uW 2 



{3Z + x {0} x {0} x 3Z + x 3Z + } u 


^a 


a l 


a G Z 20 j 




v a 





c ViuV 2 = V, 



W is a bisemigroup linear subbialgebra of V. 
Define r| = rp u p 2 : Wi u W 2 — > [0, 1] by 

rjx (x 0 0 y z) = 

x + y + z 



so that Wip i is a semigroup fuzzy linear algebra. 
p 2 : W 2 — > [0, 1] defined by 



D2 



vv 









■ a 

1 



if a * 0 
if a = 0 



W 2 r| 2 is a semigroup fuzzy linear algebra so that W n = Wip i u 
W 2 r| 2 (Wi u W 2 ) n| , , rh is a bisemigroup fuzzy linear bialgebra. 

Now we proceed onto define the notion of bigroup fuzzy 
bivector space. 

DEFINITION 6.17: Let V - V/ uV 2 be a bigroup fuzzy bivector 
space over the bi group G = G/ uG?. Let r/ = tp u rj 2 : V = Vj 
uV 2 —> [0, 1] be such that V / /// is a group fizzy vector space 
and V 2 t] 2 is a group fuzzy vector space where rp : Vi —> [0, 1] 
and tj 2 : V 2 —> [0, 1 ], so that V n = (V/ U V 2 ), ljU , l2 is a bigroup 
fuzzy vector bispace. 

We illustrate this by some simple examples. 

Example 6.36: Let V = Vi u V 2 = Z 3 [x] u Q x Q be a bigroup 
vector bispace over the bigroup G = Z 3 uQ. Define r| = pi u p 2 
: V = Vi u V 2 — >• [0, 1] where 
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r(i : Vi — > [0, 1] is given by 



1 

r|i(p(x)) = j degp(x) 

1 if p(x) = 0 

r| 2 - V 2 — ^ [0, 1] is given by 

— - — if a + b ^ 0, a + b is an integer 
p 2 (ab) = j a + b 

1 ifa + b = 0ora + bisa rational number 
Vr, = (Vi u V 2 ), 1|l , J r b is a bigroup fuzzy vector bispace. 

Now we proceed onto define bigroup fuzzy vector subbispace. 

DEFINITION 6.18: Let V - Vi uV 2 be a bigroup vector bispace 
over the bigroup G - Gj u G 2 . Take W - W/ u W 2 cz V/ uV 2 
be a bigroup vector subbispace of V over the same bigroup G = 
G 1 uG 2 . Define ij = /// u rj 2 : Wj u W 2 —> [0, 1] such that < W/ 
u W 2 ), IiU , ]2 is a bi group fuzzy vector bispace then we call W to 
be a bigroup fuzzy vector subbispace. 

Now we define set n-fuzzy vector space. 

DEFINITION 6.19: Let V = V 1 UV 2 u ... uV n be a set n-vector 
space over the set S. If 77 : rp u rj 2 u ... u ij n : V - V/ u V 2 u 
... u V„ —>[(), 1] is such that //, : V, —>[(), 1] so that V , //, is a 
set fuzzy vector space for each i -1,2,..., n, then we call V n = 

( V 1 uV 2 cy... V n ) n] utj 2 u ... u t] n to be a set fuzzy n-vector space. 

We illustrate this by an example. 

Example 6.37: Let 

V = ViuV 2 uV 3 uV 4 
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= {(1 1 1), (0 0 0), (1 0 0), (0 1 0), (1 1 1), (0 0), (1 1 1 1), 

^a a) 1 

a e Z, u 
V a a J J 

: 2 |u {Z 2 [x]}. 

V is set 4-vector space over the set S = {0, 1}. Define p = rp u 
P2^P3^ i P4'V = ViVjV2^jV3VjV4— > [0, 1 ] ; tj i : V i — > [0, 

1] by 



(1 0 0 0 ), (0 0 0 0 )} u 



lf a 


a 


a 


a^ 




i a 


a 


a 







1 



pi (abc)= ( 



a + b + c 
1 



if a + b + c^O 
ifa + b + c = 0 



P2 • V 2 



[0, 1] by 










/ 


^a 


aY 


\ 


1 


if a ± 0 


n2 


A a 


a ,. 


— < 


a 




V 


/ 


1 


if a = 1 



p 3 : V 3 — > [0, 1] defined by 



/ 


^a a a 


aY 


\ 


1 


if a 0 


^13 

V 


v a a a 


a ,. 


/ 


8a 

1 


if a = 1 



and p4 : V4 — » [0, 1 ] given by 

P4 (p(x) = ; p 4 (p(x)) = 1 if p(x) is a constant. 

degp(x) 



Clearly Vip; ’s are set fuzzy vector spaces for each i. Thus V n = 
(Vi u V 2 u V 3 u V 4 ), llUTbWTl3UIl4 is a set fuzzy n-vector space. 

Now we proceed onto define set fuzzy n-vector subspace. 
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DEFINITION 6.20: Let V = Vj UV2 u ... u V„ be a set n-vector 
space over the set S. If W - Wj UW2 u ... u W„ czVi UV2 u 
... uV n with W, ^ Wj if i ^ j; W, Wj, Wj 5Z: W t ; 1 < i, j < n and 
W is a set n-vector subspace of V over the set S. If rj = rp utj2 u 
... u 77,, : W = Wi u W2 u ... uW n —> [ 0 , 1 ] where 77, : W, —> 
[ 0 , 1 ]; 1 <i <n are set fuzzy vector subspaces then we call W n 
- (Wj UW2 u ... lv W n ) n ^ u ... utln to be the set fuzzy n-vector 
subspace. 

Now we illustrate this by a simple example. 

Example 6.38: Let 



V = V1UV2UV3UV4 
= {(a a a), (a a)| aeZ + } u< 



f a 

v c d y 



a, b, c, d e Z + } u 



Z + [x] u 



a i 



v a 4y 



a. g Z + 1 < i < 4 



be a set 4 -vector space over the set S = Z + . Take 
W = WiuW 2 uW 3 uW 4 

= {(a a a) | a g Z + } u If | | a g Z + } u 



{all polynomials of even degree} u 






a g 2 Z + 



Vi u V 2 u V 3 u V 4 = V 
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is a set 4 vector subspace of V over the set S = Z + . Define p = 
r|i u ri2 u t| 3 u 114 : W = Wi u W2 u W3 u W4 — > [ 0 , 1 ] by pi : 
Wi -> [0, 1] with 

pi (aaa) = — , 

3 a 



p 2 : W 2 [ 0 , 1 ] with 






^ a a^ 



W a a yy 



4 a 



P 3 : W 3 — >• [ 0 , 1 ]; 



Tfe (P 00 ) 



1 

deg p(x) 



and P4 : W4 — > [ 0 , 1 ] by 

1 

3 (a + a + a + a) 

Clearly each W,pi is a set fuzzy vector subspace. Thus W n = 
(Wi u W 2 uW 3 u W 4 )^ 1 un 2 ur l3 ^ 4 is a set fuzzy 4 -vector 
subspace. 



P4 



a 
a 
a 

1 v a 



Now we proceed onto define set fuzzy n-linear algebra. We see 
both set fuzzy n-vector space and set fuzzy n-linear algebra are 
fuzzy equivalent. 



DEFINITION 6.21: Let V = V / u V 2 u ... u V„ be a set n-vector 
space over the set S. If each V, is closed under addition then we 
call V to be a 11-set linear algebra over S; 1 <i <n. If in a set n - 
linear algebra V = Vj uV 2 u ... u V n we define a 11-map ij - 
PiUr/z u ... urjnfrom V = Vj UV2 u ... uV„ into [ 0 , 1 ] such 
that each Vj i, is a set fuzzy linear algebra for i = 1 , 2 , ..., 11; 
then V n - (Vi UV2 u ... u V„) n U q 2 u ...u rj , is called the set 11 
fuzzy linear algebra. 

We illustrate this by the following example. 
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Example 6.39: Let 



V = ViuV 2 uV 3 uV 4 

a eZ + u {0}! u {S° x S° x S° x S° 



^a a a a^ 



x S° such that S° = Z + + u {0}} u {all polynomials of 
degree less than or equal to 5 with coefficients from S° 

^a b^l , 

a,b, c,d is in S 



= Z + u {0}} u 



c d 



is a 4-set linear algebra over S° = Z + u {0}. 

Define q = rj 1 u r \ 2 ^ fi3 u q 4 : V = Vi u V 2 u V 3 u V 4 — > 
[0, 1]; such that q, : Vi — >• [0, 1], i= 1, 2, 3, 4 with 



fii 



a a a a^ 



VV a a a a yy 



if a ^ 0 
if a = 0 



q 2 (a b c d e) = 



and 



if a+b+c+d+e^O 

a+b+c+d+e 

1 ifa + b + c + d + e = 0 

1 



fi3(p(x)) = ■ . , 

deg p(x) 

q 3 (p(x)) = 1 if p(x) is a constant polynomial or 0 



fi4 



^a 


b' 






v C 


d; 




< 



— - — if a + d 54 0 

a + d 

1 if a + d = 0 



Clearly each Viq; is a set fuzzy linear algebra, thus V T| = (Vi u 
V 2 u V 3 u is a set 4-linear algebra. 

Now we proceed onto define the notion of semigroup n set 
fuzzy vector space. 
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DEFINITION 6.22: Let V - Vj uV 2 u ... uV n be Cl semigroup 
71 -set vector space over the semigroup S. If the n-map // = rpu 
tj 2 u ... u 1 i n : V - V] uV 2 u ... uV n —> [0, 1] where 77, : Vi —> 
[0,1] and Vitji is a semigroup set fuzzy vector space for each i, 
i = 1, 2, ..., n then we call - ( V \ uV 2 u ... uV n )^ lUn2 u... u Vn 
to be a semigroup n set fuzzy vector space. 

We illustrate this by a simple example. 

Example 6.40: Let 

V = V1UV2UV3UV4 

a, b, c, d e Z 3 = {0, 1}1 u {Z 3 x Z 3 x Z 3 x 




Z 3 } u { (1 1 0 1), (2 0 2 0), (2 2 0 2), (1 0 1 0), (0 0 0 

0), (1 0 1), (2 0 2), (0 0 0), (1 1 1), (2 2 2)} u 



IY a 


a 


a^ 


^a 


a 


a 


a 


a^ 


aezj 


IU 


a 


a J 


U 


a 


a 


a 


a J 


J 



be a semigroup 4-set vector space over the semigroup Z 3 . 

Define r| = Tp u r| 2 u r| 3 u ri 4 : V = Vi u V 2 u V 3 u V 4 — >• [0, 
1] (with r|j : V; — » [0, 1]; i = 1, 2, 3, 4) such that 




— - — if a + b ^ 0 

■ a + b 

1 if a + b = 0 



p 2 (a b c d) = 




if a ^ 0 
if a = 0 
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•Ha (1 1 0 1) = 0, r| 3 (2 0 2 0) = 1, 



p 3 (2 2 0 2) = 


0,11 3 (10 10) =-, 


p 3 (0 0 0 0) = 


0, 113(10 1) 


1 

" 2’ 


T13 (1 1 1) = 


0, p 3 (2 2 2) 


= 0 


r ( a a a^ 

h4 

vv a a 


\ 

= ■ 6a 

> 1 


if a * 0 
if a = 0 



— if a * 0 

10a 

1 ifa = 0 

Clearly each V,r| , is a semigroup set fuzzy vector space hence 
V T1 = (ViuV 2 uV 3 u V 4 )ri 1 ur l2 ur l3 ^ 4 is a semigroup 4-set fuzzy 
vector space. 

We can as in case of other set fuzzy n-vector subspaces define 
the notion of semigroup n set fuzzy vector subspaces. 

Now we proceed onto define the notion of semigroup n set 
fuzzy linear algebras. 

DEFINITION 6.23: Let V — Vi uV 2 u ... uV n be a semigroup 
n-set linear algebra over the semigroup S. /] = /// u tj 2 ^ ■■■ ^ 
r/„ : V = V] uV 2 u ... uV„ —> [0, 1] where each p, : Vi —> [0, 
1] is such that Vj //, is a semigroup set fuzzy linear algebra for 
each i, i = 1, 2, ..., n. V,, = (Vj uV 2 u ... uV n )r, lU ^ 2 u... u^ n is a 
semigroup n set fuzzy linear algebra. 

We illustrate this situation by an example. 



f 


^a 


a 


a 


a 


aV 


K 


v a 


a 


a 


a 


a Jy 
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Example 6.41: Let 

V = Vj u V 2 u V 3 u V 4 u V 5 

= {S°[x] where S° = Z + u {0}} u {S° x S° x S° x S° x S° 



X s 0 } u < 


' a b 
d e f 




a, b, c, d, e, f, g, h, i e S° 




h K 







r 



a a a a a 

a a a a a 






aeS" 



u 



a a a a a 



J 



fa b c 
0 e f 
0 0 h 
^0 0 0 



i 

j j 



a,b, c, d, e, f, g, h, i, j e S° 



be a semigroup 5-set linear algebra over the semigroup S°. 

Define p = pj u p 2 u p 3 u p 4 u p 5 : V = Vi u V 2 u V 3 u V 4 u 
V 5 -» [0, 1] by rji : Vi— > [0, 1] ; 1 < i < 5 by 



fii (p00) 



1 

■ degp(x) 

1 if p(x) = constant 



r \2 ((ai, a2, a3, a 4 , as, ag)) — 



< a i 

1 



if a x ^ 0 
if aj = 0 



(r 



fi3 






a b c 
d e f 
h i 






J ) 



1 

■ a + e + i 
1 



if a + e + i ^ 0 
if a + e + i = 0 
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— if a * 0 

< 15a 

1 if a = 0 

and 



ifa + e + h + j^O 

a+e+h+ j 

1 ifa + e + h + j = 0 



Thus Vr| is a semigroup 5 set fuzzy linear algebra. 

Now we proceed onto define the notion of semigroup n-set 
fuzzy linear subalgebra. 

DEFINITION 6.24: Let V = Vj u V 2 u ... uV n be a semigroup 
n-set linear algebra over the semigroup S. Let W = Wj u W 2 u 
... uW n cVi u ... uV n = V be a n- subset of V such that W is a 
semigroup n set linear subalgebra over the semigroup S. 

Let rj - rji u tj 2 u ... u ij n : W = W/ uW 2 u ... u W n 
[0, 1 ] is such that each Wp 7 , is a semigroup set fuzzy linear 
subalgebra for i = 1, 2, .... n; then we call W n = (Wj uW 2 U ... 
u W n ) ril uri 2 u. . . urj n to be fl semigroup n set fuzzy linear 
subalgebra. 

We illustrate this by an example. 

Example 6.42: Let 

V = V 1 UV 2 UV3UV4 

= {Z 24 x Z 24 X Z 24 X Z 24 } u {Z 24 [x] } u 
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W = Wi u W 2 u W 3 u W 4 

= {Si X Si X Si X Si where Si = { 0 , 2 , 4 , 6, 8, 22 }} 

u {Z24' [x] polynomials of only even degree with 
coefficients from Z24} u 

a a 
a a 
a a 
a a 





cr V1UV2UV3UV4 
= V 

is a semigroup 4 -set linear subalgebra of V over the same 
semigroup Z24. Let r| = r|iUr|2Ur|3Ur|4:W = WiU W2 u 
W3 u W4 — > [0, 1] where each p, : Wi — > [0 1] is such that Wip; 
is a semigroup set fuzzy linear subalgebra for i = 1 , 2 , 3 , 4 . 
Now W tl = (WiuW 2 uW 3 u W 4 ) ni ^ 2 uri 3 'jr l4 is a semigroup 4 - 
set fuzzy linear subalgebra. 

Now we proceed onto define the notion of group n set fuzzy 
vector space. 

DEFINITION 6.25: Let V - Vi UV2 u ... uV n be a group n set 
vector space over the group G. Let 77 = rp u rj 2 u ... u rj n . V - 
V] u V 2 u ... u V„ —> [ 0 , 1 ] such that q, : V, with V,q t is a 
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group set fuzzy vector space for each i = 1, 2, ... , n; V n = (Vi 
UV2 u ... uV n ) Vl un 2 u...urj n is a group n-set fuzzy vector space. 

We illustrate this an example. 

Example 6.43: Let 



V 



V1UV2UV3UV4U v 5 

a i g Z u ;l < i < 6 
{Zn x Z\\ x Zn x Z\\ x Zn} u 



/a i a 2 
V a 4 a 5 a 6y 



u {Z n [x]} u 



' 




_ \ 1 


' 




a l 


d 2 








a 3 


a 4 








a 5 


a 6 




a, g Z u ; 1 < i < 10 




a 7 


a 8 








V a 9 


a ioy 









/ 




\ 










^a 


a 


a 


a 


a^ 






a 


a 


a 




'a 


a^ 




a 


a 


a 


a 


a 






a 


a 


a 


9 | 


v a 


a 7 


9 


a 


a 


a 


a 


a 


a G Z,i 




v a 


a 


a J 






























v a 


a 


a 


a 


a J 





be a group 5 set vector space over the group Z n . 
Take 



W 



W! u W 2 u W 3 u W 4 u W 5 



a a a 



a uZ, 



u {Zn[x]; all polynomials of 



[V a a a J\ J 

even degree with coefficients from Zn} u {(a a a a a) 
a g Z n } 
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\ 


' 
















a 


a 


























r 


/ 




\ 








a 


a 








a 


a 


a 


























a 


a 




a 


a 


a e Z n 


■ u < 




a 


a 


a 


9 






a eZ n 




















u 


a . 




a 


a 








v a 


a 


a . 






- 


a 





















C V1UV2UV3UV4UV5 

= V, 

to be a group set 5-vector subspace over the group Z n . Define 
p = r)! u r | 2 ^ P 3 ^ P 4 ^ Ps : W = Wi u W 2 u W 3 u W 4 u W 5 
— > [0, 1] such that p, : W; — > [0, 1] with Wjp, a group set fuzzy 
vector subspace for each i = 1,2, . . 5. Clearly W n = (Wi u W 2 
u . . . u Ws)^ m, u ... is a group set fuzzy 5-vector subspace. 

Now we proceed onto define the notion of group n set fuzzy 
linear algebra. It is important to mention here that the notion of 
group n set fuzzy vector space and group n-set fuzzy linear 
algebra are fuzzy equivalent. 

DEFINITION 6.26: Let V — Vj UV 2 u ... uV n be a group n set 
linear algebra over the group G. Let rj — 77 , u 772 u ... u rj n : 
V—>[0, 1] where 77, : V, —> [0, 1 ] such that V,- /], is a group set 
fuzzy linear algebra for each i -1,2,..., n, then we call V n = 
(Vi UV 2 u ... uV n ) ni u V2 u... urin to be a group n set fuzzy linear 
algebra. 



Now we proceed onto indicate the applications of these new 
algebraic structures before which we give few differences. 

1 . If we use a set vector space over the set [0, 1 ] working 
can easily be carried out for we do not demand 1 + 1 = 
0. We can use them in fuzzy models. 
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2. If we use n set vector space then we can use several sets 
to model the problem that too when the elements are not 
compatible with any of the operation, that is even the 
closure axiom under any operation cannot be expected. 

3. When we give algebraic structures with many abstract 
operations on them, the use of these algebraic structures 
by students/ researchers other than mathematicians is 
absent. But as the world at present is in a computer age 
the mathematical models should be constructed with 
least abstractness. These algebraic structures given in 
this book will certainly cater to this need. 

Now we give a sketch where these structures can be applied. 

Applications to Markov Chains 

Suppose we have a n set of states which is a time dependent 
model which has many transition matrices representing the 
transition possibilities. Suppose we have k such transition 
matrices given by T 1} ..., T k , where each T ; is a n x n matrix, i 
= 1,2,..., k. Suppose G(Ti) denotes the graph having vertex set 
{1, 2, ..., n}. The arc set (i, j) : ty > 0. For each G(T ; ), we get the 
four classes 

C! = { n. , ..., n ; } essential class 

i 1 ii [ k ’ 

Cj = {n^ , n j2 , ..., nj } inessential class (self 

communicating) 

Cj = {n , ..., n r } inessential non self communicating 

C) = {n , ..., n m } essential class (non self 
communicating) 

such that 
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(1) k > 1, p > 1, s > 1 and t > 1. 

(2) c;nc; = i ifp^j 

(3) c; uC'u C‘ uC‘ = {1, 2, . 



Now we see G(Ti), varies; for suppose V = {Ti, T k } then we 
can take V as a set vector space over [0, 1 ] or as a semigroup set 
vector space over [0, 1]. 

Further the transition matrices vary from expert to expert 
for the i th expert may start his study from the j th state and say a 
k th expert (i ^ k) may start his study from the p th state and so on. 
Thus the very transition matrix may be different. One can use 
the semigroup set vector space to represent the collection of all 
transition matrices and work with them. If 

V 0 = {Ti, . . ., T n } is a set vector space over the set [0, 1]. 

Vi = (T 2 , ..., T 2 } is again a set vector space over the set [0, 1], 



V k = {T k 1 , ..., T n k is a set vector space. 

The best limiting case would the best chosen set vector 
space. 

It is pertinent at this juncture to mention that the entries of 
T; can be any value lying between [0, 1] further even the 
assumption the row sums adds to one can be chosen. 

Their is no loss of generality in assuming some of the 
columns or rows in T have only zero entries. 

These types of applications like studying the behaviour of 
children, war-peace situation and the related behaviour of 
military personals like stress, strain, relaxation, taking to drugs, 
taking to drink, taking to women, taking leave on basis of false 
ailments, taking medical leave and so on or like the study of 
students tensions during exam s . 
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Another practical use of fuzzy Markov chains can be in 
statistical software testing. 

It can be used in web monitoring, testing or counting. Thus 
when we use in web monitoring or testing and if the web pages 
or sometimes ‘n’ entries are taken as the set of states one has to 
keep in mind the states vary so when we use the set fuzzy n- 
vector space or semigroup fuzzy n-vector space or group fuzzy 
n- vector space it would be easy to handle the bulk problems at a 
time! 



• These algebraic structures can be used by 
cryptologists and coding theorists. 

• They can also be used in fuzzy models, by social 
scientists and doctors. 

• The set fuzzy vector spaces in which the elements 
form nj x n ; matrices can be used by computer 
scientists. 
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Chapter Seven 



Suggested Problbvb 



In this book we suggest over 300 problems so that the reader 
becomes familiar with the new notion of set vector spaces and 
their particularization. All vectors spaces and semivector spaces 
are set vector spaces, thus set vector spaces are the most 
generalized concept. 



1. Let V = {-1, 0, 2, 3, ..., oo} and S = {1, 2, ..., oo}. Is V a set 
vector over S. Justify your claim. 

2. Let V = R, the set of reals. Let S = {1,2, ..., oo}. Is R a set 
vector space over the set S? 

3. Let V = R, the set of reals. Let S = Q + (the set of positive 
rationals). What is the difference between the set vector 
space defined in problem (2) and in this problem. 

4. Let V = {1,2, ..., oo}. Can V be a set vector space over the 
set S = Q + ? 

5. Let V = {1, 2, ..., oo}. Can V be a set vector space over the 
set S = {-1, 1}? Justify your claim. 

6. Is Z the set of integers a set vector space over the set S = 

H,l}? 
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7 . 



Is Z the set of integers a set vector space over the set S = {1, 
1/2, 1/3, ..., 1/n}? 



8 . 

9. 

10 . 
11 . 
12 . 

13. 

14. 

15. 

16. 

17. 

18. 



Prove the set of positive rationals is not a set vector space 
over the set of positive reals. 

Let V = {0, 2, 4, ..., go}; prove V is a set vector space over 
the set S = {0, 1, 2, ..., oo} = Z + u {0}. 

Can V = {2, 2 2 , 2 3 , . . . } be a set vector space over the set S = 
Z + ? 

Prove V = {0, 3, 6, ..., oo} is a set vector space over the set 
S = Z + = {1, 2, ..., oo}. 



Prove V = {1, 3, 6, ..., oo} is not a set vector space over the 
setS = Z + = {1,2, ..., oo}. 

Prove V = {1, p, 2p, ..., oo} is not a set vector space over 
the set S = {1, 2, ..., oo}. 

Can we say for V to be a set vector space over S, S must be 
a proper subset of V? 

Is it true if S cz V; V is a set vector space over S? 

^a b 
L \ d e f, 

space over Q + (the set of positive rationals)? 

|Y a t>d 



Can M = 






a, b, c, d, e, f g Z + } be a set vector 



Prove M 



c d 

over the set S = Z + . 



a, b, c, d g Z + } is a set vector space 



Can the set V = 



1 2 



v.3 4 y 



0 1 

V.2 3y 



5 7 
8 10 



1 2 



3 0 



a set vector space over the set S = {0, 1,2, . . ., oo}? 



be 
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19 . 



20 . 

21 . 

22 . 



23. 



24. 



25. 

26. 

27. 



28. 



29. 



Find a set of linearly independent elements in the set vector 
space V = {1, 2, ..., co} defined over the set S = {2, 4, ..., 

oo}. 

Find a set basis for the set vector space V = {1, 2, ..., co} 
over the set S = {2, 4, . . ., co} . 

Is the set basis for the set vector space V = Z + x Z + over the 
set S = Z + unique? 

Does there exist a set vector space V over the set S which 
has more than one set basis? 



Let V = 



a b 
v c d y 



a, b, c, d e Z + be a set vector space 



over the set S = Z + . Find a set basis for V? Is it unique? 



Find a set basis for the set vector space V = {-1,0, 1, 2, 3, 
..., co} over the set S = {0, 1}. Is the set basis unique? Is it 
finite dimensional? 



Give an example of a set vector space of dimension 7? 

Give an example of a set vector space V over the set S 
which is also a set vector space S over V. 

Give an example of a set vector space V over S which is not 
a set vector space of S over V (i.e., show if V is a set vector 
space over S then S is not a set vector space over V). 

Let V = Q + x Z + x 2Z + x R + be a set vector space over the 
set S = {1, 2, ..., co}. Find a basis for V? What is the 
dimension of V? Does V have a unique set basis? Give a 
finite set independent set in V. 

Characterize those set vector spaces V on the set S of finite 
dimension such that V = S x . . . x S. 
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30 . 



Give an example of set vector spaces V of set finite 
dimension over the set S which cannot be written as V = S x 
... x S. 

31. Let V = Z + u {0} = {0, 1, ..., oo} be a set vector space over 
the set S = {0, 1, 3 , 5, 7, ...}. Is V =Sx...xS ? , (n, finite). 

n- times 

32. Give some interesting properties of set vector spaces. 

33. Does there exist a set vector space V over the set S which 
has no set vector subspaces? 

34. Let V = Z + be a set vector space over S = {2, 4, ..., co}. 
How many set vector subspaces does V have? 

35. Find at least two set vector subspaces of V = 

a, b, c, d, e and f e Z + }; where V is a set vector space over 
the set S = {1,2, ..., co}. 

36. Give an example of a set vector space V over the set S 
which has no set vector subspace. 

37. Characterize those set vector spaces V over the set S which 
has no set vector subspaces. 

38. Does there exist for any set vector space V over the set S, a 
set vector subspace over S such that it is also a subset of S? 

39. Find a generating set of the set vector space V = Z + x 2Z + 
over 2Z + = S = {2, 4, ..., co}. 

40. Find a set basis for V given in problem 39. Does the V have 
a unique set basis? 



{fa b c A 

lU e f . 
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41. How many generating sets does the set vector space V 
( a b A ' 



Z + ? 



c d 



a,b,c,d e Z + } have, V defined over the set S = 



42. Find at least two set vector subspaces of V = Z + over the set 
S = 2Z + = {2, 4, . . ., co}, which have non empty intersection. 

43. Let V = Z + x Z + x Z + be a set vector space over the set S = 
Z + . Find three set vector subspaces Wi, W 2 and W 3 of V 
which have a non empty intersection. If W = Wi n W 2 r\ 
W 3 cz V; is W a set vector subspace of V? 

44. Let V be a set vector subspace over the set S. Suppose Wi, 
W 2 , ..., W n be set vector subspaces of V. Will W = 

n 

O.czV be always a proper set vector subspace of V? 

i=l 



45. 



y a b 

lU e 



a, b, c, d, e and f e Z + } be a set 



vector space over S. Find 3 subset vector subspaces over 
subsets of S. Does there exists Wi, W2 and W3, subset 
vector subspaces of V defined over the subsets T 1? T 2 and T 3 
of S such that 



(!) fl w i = <t> but p| Tj * <|) or 

i=l i=l 

(2) p|Wj ^ <)) but p| Tj = <J) or 



46. 



(3) W = p| Wi * (]> and T - f] T; * 4 and W a 

i=l i=l 

subset vector subspace over T. 

Can V = {-1, 0, 2, 4, . . ., <x>} be set vector space over the set 
S= {!}? 
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i. If V is a set vector space over S; what is the 
dimension of V? 

ii. Find a generating set G of V over S. Is G = V? 

iii. Can V have subset vector subspaces over subsets 
of S? 

iv. Does V contain set vector subspaces? 

v. Is every singleton in V a set vector subspace of 
V? 

47. Let V = Z + x Z + x Z + x Z + be a set vector space over the set 
S = Z + . Does V contain subsets which are subset vector 
subspaces over the subsets; Ti = {2, 2 2 , T 2 = {3, 3 2 , 

• ••}, T 3 = {p, p 2 , ...,p n pa prime} and T 4 = {n, n 2 , ...;n 
a non prime} in S? 

48. Let V = 2Z + x 3Z + x 5Z + x 2Z + be a set vector space over 
the set S = Z + . Find a set basis for V. Is the basis of V 
unique? Can V have more than one generating subset? 
Justify you claim. Find at least 4 subset vector subspaces of 
V such that their intersection is empty! 

49. Let V = 3Z + and W = 2Z + be two set vector spaces over the 
set Z + . Prove the collection of all set linear transformation 
Ls (V, W) from V to W is a set vector space over the set Z + . 

50. Find a generating subset of L s (V, W). What is the set 
dimension of L s (V, W) given in problem 49? What is the 
dimension of V = 3Z + over Z + ? What is the dimension of 
W = 2Z + over Z + ? Find generating subsets of V and W over 
Z + . Does their exist two subset vector subspaces of V and W 
which are defined over the same subset of Z + ? If so find a 
set linear transformation between them. 

5 1 . Give an example of a finite set linear algebra. 

52. Give an example of an infinite set linear algebra. 
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53. Let V = Z be the set under addition. V a set linear algebra 
over the set S = 3 Z + . What is the set dimension of V? 

Can V have set linear subalgebra defined over S? 

Can V have subset linear subalgebra defined over the 
set T = 3 2 Z + ? 



54. Prove V 



a, b, c, d, e and f e Z + u {0} 



is 



a set linear algebra over the set S = Z + . (V, +), a set with 
closure operation. Find a subset linear subalgebra over the 
subset T = 3Z + . Give an example of a set linear subalgebra 
of V. 



Find three subset linear subalgebras of V such that their 
intersection is non empty. 



Suppose W 



a 0 e 
d 0 f 



a, d, e and f are in Z + > c V ; is 



W a subset linear subalgebra over the subset T = 2 Z + ? If W 
is a subset linear subalgebra find its set dimension over T. 

55. Does there exist a set linear algebra which has no set linear 
subalgebra? 

56. Does their exist a set linear algebra which has no subset 
linear subalgebra? 



57. Give an example of a set linear algebra which has only a 
finite number of subset linear subalgebras. 

58. Let Ai = {3 Z + under the operation +}, be a set linear 
algebra over the set S = Z + . Let A 2 = {5 Z + under the 
operation +} be a set linear algebra over the set Z + . Let T be 
a set linear transformation from Ai to A 2 . Is the set of all set 
linear transformations from Aj to A 2 a set linear algebra 
over Z + ? Give a set basis for A! and A 2 over Z + . 
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59. Let V be the set vector space over the set S. Prove the set of 
all set linear operators from V to V is a set linear vector 
space over the set S. 

60. Let V = Z + x 3Z T x 5Z~ be a set vector space over ZL Is 
T(x, y, z) = (5x, 6y, lOz) for all x, y, z e V a set linear 
operator on V. What is the set dimension of the set vector 
space of all set linear operators of V on the set Z + . 

61. Let V = 3Z + x Z + x Q + be a set vector space over the set S = 
3Z + . What is the dimension of V over S? Is the basis of V 
unique over S? Is T(x, y, z) = (x, y, 2z) a set linear 
operator? What is the dimension of the set of all set linear 
operators on V? Find a generating set for the set vector 
space of set linear operators on the set Z + . 



62. 



Let V 



a b c 
d e f 



a, b, c, d, e, f gZ + be a set vector 



space over the set S = Z + . Is T < 



a b c 
d e f 



> = a + b 



e + f a set linear operator on V? Justify your claim. 



Suppose T< 



\fa b 


c ] 


1 


"a + b b + c 


d 'j 


iU e 




r 


v e + b f 


e + f y 



; is T a set 



linear operator on V? What is the dimension of V over Z + 



63. 



Can 



W = 



ff 2a 3b 5c" 
j v 2d 5e 3f y 



vector subspace of V over Z + ? 



a,b,c,d,e,f e Z + 



be a set 



Let V = {Z 8 + [x] be the set of all polynomials of degree less 
than or equal to 8 with coefficients from the set Z + }. Is V is 
a set vector space over Z + ? What is the set dimension of V 
over Z + ? 
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If V is endowed with polynomial addition, can V be a set 
linear algebra over Z + . What is the dimension of V over Z + 
as a set linear algebra? 

Suppose W = {All polynomials of degree less than or equal 
to four} cr V; will W be a set vector subspace of V over Z + ? 

64. Give an example of a set linear algebra of dimension 6 
which has a subset linear subalgebra of dimension 3. 

65. Give an example of a set linear algebra of dimension 4 
which has a set linear subalgebra of dimension 2. 

66. Give an example of an infinite dimensional set linear 
algebra which has both a subset linear subalgebra and a set 
linear subalgebra. 

67. Does there exist a set linear algebra of infinite dimension 
which has no subset linear subalgebra and no set linear 
subalgebra? 

68. Does there exist a set linear algebra of infinite dimension 
which has no subset linear subalgebra? 

69. Does there exists a set vector space which does not have a 
unique set basis? 

70. Does there exists a set linear algebra with a unique set 
basis? 

7 1 . Give any interesting result on set linear algebra. 

72. Enumerate at least 3 differences between a set vector space 
and the usual vector space. 

73. Define a set linear operator T on a set linear algebra V = 
2Z + (set under addition) over the set S = Z + which is 
invertible. Give a set linear operator U on V which is non 
invertible. 
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74. 



Let V = {{0} u Z + j x {Z + u {0}} and U = 

a, b, c e Z + u {0} | be two set vector spaces 

defined over Z + . Can we define a set linear transformation 
from V to U which is invertible? 

Does their exists a set linear operator from U to V which is 
invertible? Find a set basis for the set vector space of all set 
linear operators from V to U. Is the set basis unique? What 
is the dimension of this set vector space? 

75. Does there exists a set vector space V defined over the set S 
such that every subset of V is a set vector subspace of V 
over S? 

76. Does there exists a set vector space V over the set S such 
that for every subset W of V there exists a subset T of S 
such that W is a subset vector subspace over T? 

77. Does there exists a set vector space V over the set S such 
that V has a subset W which is a subset vector space over 
every subset of S? 

78. Does there exists a set vector space V over the set S such 
that every subset of V is a subset vector subspace over a 
unique subset T of S? 

79. Let V = Z x Z + x Z + be a set vector space over Z + = S. 
Show that the set of all set linear functionals from V to S is 
a set vector space over S. What is the dimension of this set 
vector space? Is the set basis unique? 
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Prove f;’s are set linear functionals of V. Is the set {fi, 
. . f 6 } a set linearly independent set? 

8 1 . Find a basis of V for the V given in the above problem. Is it 
unique? 

82. Let V = Z + u {0} xZ + u {0} a set vector space with zero 
defined over the set S = 2Z + u {0}. Let T be a set linear 
operator on V given by T(x, y) = (x - y, x + y). Find the set 
nullity of T! Is it a set vector subspace of V over S? 

83. If V is a set vector space with zero can we say every set 
linear operator on V which has a non trivial nullity T is a set 
vector subspace of V? 

84. If nullity TW (f> can we say T is non invertible? 

85. Let V = 3Z + x 2Z + x Z + be a set vector space over the set S 
= Z + . Is the set {(6, 4, 10), (3, 8, 11), (9, 2, 11)} a set 
linearly independent subset of V? 

86. Let V = (3Z + u {0}) x (5Z + u {0}) x (2Z + u {0}) be a set 
vector space over the set S = Z + u {0}. Is the set {(3, 0, 0) 
(0, 5, 0), (0, 0, 2)} a set basis of V over S? 

If V has a set basis over S, is it unique? What is the set 
dimension of V? 



87. 



Let V = 



over 



a b 
c d 



a,b,c,d g Z + u{0} > , V a set vector space 



u 



{ 0 }. 



Is the 



set 



1 0 
0 0 



0 1 
0 0 



0 0 
1 0 



0 0 
0 1 



a set basis of V? 



Is the set G a set linearly dependent subset of V? What 
is the dimension of V? 
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If V is a set vector space over the set S. Can we find set 
vector subspaces Wi, W„ of V such that V = Wi u W 2 
u ... u W n such that W; n Wj = c|), i * j, 1 < i, j < n? 



89 . 



If A is a set linear algebra over the set S 

/ 

.. a 

A = 



b' 



V v 



a,b,c,d e Z + u {0} . 



Z + u {0} where 



Can 



y 1 
,0 



0 " 

or 



"0 

,0 



n 

0,' 



"0 

,1 



0 " 

or 



"0 

,0 



0)] 

1 



generate V? 



What is the set dimension of this set linear algebra over the 
set S? 



90. Let V = Z + u {0} x 2Z + u {0} x 3Z + u {0} be a set vector 
space over the set S = Z + u {0} . 

Can V be represented uniquely as Wi u W 2 u W 3 where 
Wi’s are set vector subspace of V; i = 1, 2, 3 defined over S; 
with Wi n Wj = {0}, if i j; 1 < i, j < 3? 

91. Give examples of set vector spaces V defined over the set S 

n 

such that V = W ; ; W; set vector subspaces of V. (W ; n 

i=i 

Wj= {0} or (J), i*j; 1 <i,j<n). 

92. Give an example of a set linear algebra A defined over the 
set A such that 



A = Ai + A 2 + . .. + A n where Afs are set linear subalgebras 
of A defined over the set A; i = 1,2, . . ., n with A ; n A, = 0 
or 4* ifi^j; 1 <i,j <n. 

93. Is every set linear algebra A representable as A = Ai + . . . + 
A n ; A ; set linear subalgebra of A ; i = 1, 2, . n. n Aj = 
0 or (ji; 1 < i, j < n? 
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94. Let V be a set vector space over the set S. Let Wi, W 2 , 

W n be subset vector subspaces over the subsets Ti, T 2 , 

T n respectively of S. 

Can V = (JWj and S = (JT ? 

i=l i=l 

n n 

95. In problem 94 can V = U W i and S ^ U T i? 

i=l i=l 

96. Give an example of a set vector space in which conditions 
of problem 94 is true. (Does such an example exist?) 

97. Can V = Z 15 = {0, 1, 2, ..., 14} integers modulo 15 be a set 
vector space over the set S = {0, 1}? 

98. What is dimension of V? Can V have more than one set 
basis (V given in problem 97)? 

99. Let V = Z n = {0, 1, 2, ..., n} where n = pj p 2 ... p t ; p ; ’s are 
distinct primes be a set vector space over the set S = {1,0}. 

What is the set dimension of V over S. How many set basis 
has V? 



Study when 


n 


2.3.5 


30 




n 


3.5.11.13 = 


2145 


and 


n = 


2.5.17 


170. 



100. Let V = Z p = {0, 1,2, ..., p - 1}, p a prime, Z p a set vector 
space over the set S = {1}. What is the set dimension of V? 

101. Let V = Z 7 = {0, 1, 2, ..., 6} be a set vector space over the 
set S = {1}. What is the set dimension of V? Is the set basis 
for V unique? 

102. Let V = Zn = {0, 1, 2, ..., 10} be a set vector space over the 
set S = {1, 0}. What is the set dimension of V? Is the set 
basis unique? Can V have set vector subspaces? 
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103. Let V = Z 5 = {0, 1, 2, 3, 4} be a set vector space over the set 
S = {0, 1}. What is set dimension of V over S? Is the set 
basis unique? Is W = {2, 3} a set vector subspace of V over 
{1, 0}? Is W = {2, 3} a subset vector subspace of V over 
{ 1 }? 

104. Let V = Z 5 x Z 3 be a set vector space over the set S = {(0, 
1), (0, 0) (1, 0), (1, 1)}. What is the set dimension of V over 
S? Find a set basis of V. Is the set basis of V unique? 

105. Let V = Z 7 x Z 5 x Z 3 be a set vector space over the set S = 
{0, 1}. Does their exists set vector subspaces Wi, ..., W n 

n 

such that V = U w ,? 

i=i 

106. Prove if V is a finite set which is a set vector space over 
another finite set S; the set dimension of V is finite. 

107. If V is an infinite set which is a set vector space over a set 
S. Can V have a finite set dimension? Justify your claim ! 

108. Let V = Z 7 x Z i2 be a set vector space over the set S = {0, 
1}. What is the dimension of V? Can V have subset vector 
subspaces? Can V have set vector subspaces? Is the set 
basis of V unique over S? 

109. Let V = Z 4 x Zio x Z 16 x Z 2 be the set vector space over the 
S = {0, 1}. What is the set dimension of V? Can we write V 
as a union of set vector subspaces? Can V have more than 
one subset vector subspace? 

110. Let V = Z 7 [x] be a set vector space defined over the set {0, 
1}. What is the set dimension of V? 

111. If V = Z 6 [x] is a set linear algebra over the set S = {0, 1}. 
Find a set basis of V. Find a set linear subalgebra of V? 

112. If V = Z{[x] = {all polynomials of degree less than or 

equal to two} be a set linear algebra over the set S = {0, 1}. 
What is the set dimension of V? Is the set basis of V 
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unique? Can V have a subset linear subalgebra over the 
subset { 1 } ? Can V have set linear subalgebra? 

113. Give some interesting properties of semigroup vector 
spaces. 

1 14. Obtain some properties enjoyed by semigroup linear algebra 
and not by semigroup vector spaces. 



115. 



Find pseudo semigroup vector subspaces of the semigroup 
linear algebra V = 

\( a i a 2 *0 I 



a ; e 2Z + u{0}, 1 <i < 9 > 



over the 



V a 7 a 8 a 9 ) 



semigroup S = Z + u {0}. Does V have semigroup linear 
subalgebras? 



116. Does there exist any semigroup linear algebra without a 
pseudo semigroup vector subspace? 



117. Obtain any interesting result about semigroup linear algebra 
and its substructures. 



118. Does there exist a semigroup linear algebra which has no 
pseudo subsemigroup vector subspace? 

119. Let F[x} be the semigroup under polynomial addition over 
the prime field F = Z 3 = {0, 1, 2} of characteristic 3. Let S = 
Z 3 = {0, 1, 2} be the semigroup under addition. F[x] is a 
semigroup linear algebra over Z 3 = S. Can F[x] have a 
pseudo subsemigroup vector subspace? 

120. Give an example of a simple semigroup linear algebra 
defined over a semigroup which has proper subsemigroups. 

121. Can a semigroup linear algebra V defined over a non simple 
semigroup S be a pseudo simple semigroup linear algebra? 

122. Define a semigroup linear operator on the semigroup linear 
algebra V = PxPxPxPxP where P = 2Z + u {0} over the 
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semigroup S = Z + u {0} which is invertible. Prove the set 
of all semigroup linear operators on V is a semigroup linear 
algebra over S. What is the dimension of Hom s (V, V) = {all 
semigroup linear operators on V}? 



123. 



Let V = 




*14 J 



a t e Z + u{0};l < i < 14 



be a 



semigroup linear algebra over the semigroup S = Z + u {0}. 
Define a semigroup linear operator on V which is non 
invertible. What is the dimension of Hom s (V, V)? Is Hom s 
(V, V) a semigroup linear algebra over S? Suppose 



W = 



A 



0 0 



0 



a, eZ + u{0};l<i<7 cV 



be a semigroup linear subalgebra of V. Define a 
semigroup linear operator T on V which is a 
semigroup projection of V into W. Is T o T = T? 



124. 



Let V = 




a 2 

a 7 



a 3 a 4 
a 8 a 9 



*10 J 



a. eZ + 



u{0},l<i<10 



be 



a semigroup linear algebra over the semigroup S = Z + u 
{0}- 



w 



V a 6 



0 0 0 ^ 
0 0 0 



a 1 ,a 2 ,a 6 ,a 7 eZ + u{0} cV be 



a semigroup linear subalgebra of V over the subsemigroup 
T = 2Z + u {0}. Define pseudo projection U : V — » W. Is U 
o U = U? 



125. Obtain some interesting properties about 

1. semigroup projection operator of a semigroup linear 
algebra 

2. pseudo semigroup projection operator of a subsemigroup 
linear subalgebra. 
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Find the difference between them. 



126. Is every semigroup linear projection operator on a 
semigroup linear subalgebra an idempotent map? 

127. Is every pseudo semigroup linear projection operator of V 
an idempotent map? 

128. Let V be a semigroup vector space over the semigroup S. Is 
it always possible to represent V as a direct union of the 
semigroup vector subspaces of V? Justify your claim. 



129. 



[ 


f a. a 3 




o 

o 

o 

o 


Let V = \ 


1 Z 


, (a! a 2 a 3 a 4 ), 




1 


v a 3 a 4 J 




L a i a 2 a 3 a 4 J 



^a, 0 a, 

v 0 a 3 0 



0" 

^4 y 



a t e Q + u {0} ; 1 < i < 4 



be a semigroup 



vector space over the semigroup S = Z + u {0}. 



Is V representable as the direct union of semigroup vector 
subspaces of V? Does V contain subsemigroup vector 
subspaces? 



130. Does there exist a semigroup vector space which cannot be 
represented as a direct union of semigroup vector 
subspaces? 



131. Is it possible to represent a semigroup vector space over the 
semigroup S both as a direct union of semigroup vector 
subspaces and pseudo direct union of semigroup vector 
subspaces of V? Justify your claim. 



132. 



Let V 



\ a 2 a 3 A 



V a 4 a 5 a 6 J 



a ; e Q + u {0} ; 1 < i < 6 > be a 



semigroup linear algebra over the semigroup S = Q + u {0}. 
Is the set of all semigroup linear operators on V a 
semigroup linear algebra over S? Justify your answer. 
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133. 



Let V be as in problem 132 suppose W 



v a 4 a 5 a «y 



a, g Q + u {0}; 1 < i < 6 



be 



a 



subsemigroup linear subalgebra of V over the subsemigroup 
T = Z + u {0}. Define a projection from V to W. Represent 
V as a direct union of semigroup linear subalgebras of V 
over S. 



Can V be represented as a pseudo direct union of 
subsemigroup linear subalgebras? 

134. Does there exist a semigroup vector space which cannot be 
written as a direct union of semigroup subvector spaces? 

135. Does there exist a semigroup vector space V which cannot 
be written as a pseudo direct union of semigroup subvector 
spaces of V? 



136. 



Can the semigroup vector space V = {(ai, a 2 , ..., a 5 ), (ai, a 2 , 



a 3 ), (ai a 2 ... a 7 ), 



" a l 




v a 3 


<^4 y 



a, g Z + u {0} ; 1 < i < 7 over the 



semigroup S = Z + u {0} be represented as a direct union of 
semigroup vector subspaces of V? 



137. Can the semigroup vector space V = {0, 1, 3, 5, 7, ...} over 
the semigroup S = {0, 1} be such that 1 + 1 = 1 be 
represented as the direct union of semigroup subvector 
spaces of V? 



138. Let P[x] = {all polynomials in the variable x with 
coefficients from Z + u {0}}, be a semigroup linear algebra 
over the semigroup S = Z + u {0}. W[x] = {all polynomials 
of even degree with coefficients from S = Z + u {0}} be a 
semigroup linear subalgebra of P[x]. 



Define a projection from P[x] into W[x]. 



Is that projection semigroup operator idempotent semigroup 
linear operator on P[x]? 
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139. Let V = {0, 1, 3, 3 2 , 3 3 , ...} be a semigroup vector space 
over the semigroup {0, 1} with 1 + 1 = 1. Can V be 
represented as a pseudo direct union of semigroup subvector 
spaces of V? Is V representable as the direct union of 
semigroup subvector spaces of V? 

140. Does there exists semigroup linear algebra V which has a 
unique direct sum? 

141. Let V = P x P where P = Z + u {0} be a semigroup linear 
algebra over P. Can V have many direct sum 
representations? 

142. Suppose V = {(a, b, c) | a, b, c e Z + u {0}}- be a semigroup 
linear algebra over S = Z + u {0}. How many ways can V be 
represented as a direct sum? 

143. Does their exists a semigroup linear algebra V which can be 
represented as a direct sum in infinite number of ways? 

144. We know V = Z + u {0} is a semigroup linear algebra over 
S = Z + u {0} = V. Clearly dimension of V is one but V has 
infinitely many semigroup linear subalgebras over V given 
by W n = {nZ + u {0} | n e Z + } c V, as n can take infinite 
number of values. V has infinite number of semigroup 
linear subalgebras. Can V be written as a finite direct sum 
of semigroup linear subalgebras? 

145. Let V = Q + u {0} be a semigroup linear algebra over the 
semigroup S = Z + u {0}. What is the dimension of V? Can 
V be represented as a finite direct sum of semigroup linear 
subalgebras of V? 

146. Characterize all those semigroup linear algebras V which 
can be written as a finite direct sum of semigroup 
subalgebras of V. 

147. Characterize all those semigroup linear algebras V of 
dimension one which is an infinite direct sum of semigroup 
linear subalgebras of V. 



301 




148. Let V = Z 7 = {0, 1, 2, 6} be a semigroup under addition 

modulo 7. S = Z 7 = V the semigroup. V is a semigroup 
linear algebra of dimension one over S. Can V have any 
semigroup linear subalgebras? Can V be written as a non 
trivial direct sum of semigroup linear subalgebras? 

149. Find all semigroup linear subalgebras of the semigroup 
linear algebra Z p [x] = {all polynomials in the variable x 
with coefficients from Z p } over the semigroup Z p , p any 
prime. Can Z p [x] be a direct sum of semigroup linear 
subalgebras? 

150. Let V = Z p x Z p x Z p x Z p be the semigroup linear algebra 
over the semigroup S = Z p under addition. Can V be a direct 
sum of semigroup linear subalgebras, p be any prime? 

151. Let V = Z 6 x Z 6 x Z 6 be the semigroup linear algebra over 
the semigroup S = Z 6 . Can V be a direct sum of semigroup 
linear subalgebras? 

152. Let V = Z 6 x Z 6 x Z 6 be the semigroup linear algebra over 
the semigroup S = {0, 1}. Can V be a direct sum of 
semigroup linear subalgebras? 

153. Let V = Z 6 x Z 6 x Z 6 be the semigroup linear algebra over 
the semigroup S = {0, 1}? What can we say about its direct 
sum? 

154. Let V = Z 9 x Z 9 x Z 9 x Z 9 be a group vector space over the 
group H = {0, 3, 6}. Find group vector subspaces of V. Can 
V have subgroup vector subspaces? Justify your claim. 

155. Give some interesting results about group vector spaces. 

156. Let 
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(1 1 1 1 1 ), (0000 0 )}, 



Is V a group vector space over the group Z 2 = G (group 
under addition modulo 2)? Can V have proper group vector 
subspaces? Is W = {(1 1 1 1 1), (0 0 0 0 0)} c V a proper 
group vector subspace of V? 

157. Does their exists a group vector space V over the group G; 
G has proper subgroups, yet V is a simple group vector 
space? 

158. Let V = Z 5 x Z 5 x Z 5 x Z 5 be a group vector space over the 
group G = Z 5 . What is the dimension of V over Z 5 ? Find a 
generating subset of V. Is T = {(1 1 1 1 1)} a generating 
subset of V? 



159. Let V = Z x Z be a group vector space over the group Z. 
What is the dimension of V? Can a finite subset of V be a 
generating subset of V? 



160. Let V 



f a a X 

a i a 2 



V a 3 a 4/ 



a, e Z, 1< i < 4 > be a group vector 



space over Z. 



1 0 



Can 



0 0 



0 1 
0 0 



0 0 
1 0 



0 0 
0 1 



\ 



1 1 
0 0 



\ 



f l 0^ 
1 0 



iv w v 

V be the 



generating subset of V? 

What is the dimension of V over Z? Find proper subgroup 
vector subspaces of V? Give a proper group vector subspace 



"0 1^ 




"1 0^ 




"0 O 




(0 0^ 




fi b 
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v0 b 
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v 0 lj 
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V 1 0; 
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vl lj 
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vl b 
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of V? Is W = 



^a a^ 



aeZ>c V a group vector subspace 



L V0 

of V? What is the dimension of W over Z? Is 

§5 5 V 



'\ 1 ' 
0 0 



W a generating subset of W? Can 



v 0 0 y 
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be a generating subset of V? Can W have more than one 
generating set? 

161. Let V = {(aj a 2 , a n ) a ; e R} be a group vector space 
over the group 2Z. Find proper subgroup vector subspaces 
of V? Does V have subgroup vector subspaces? Is W = {(a, 

a a) | a g Z}, a group vector subspace of V? What is the 

dimension of W? What is the dimension of V? Find a 
generating subset of W? Find a generating subset of V? Is V 
finite dimensional over 2Z? Suppose V is defined over the 
group R will V be finite dimensional? 

162. Let V = Z 5 x Z 5 x Z 5 x Z 5 be a group vector space over Z 5 . 
Can V have subgroup vector subspaces? Find all group 
vector subspaces of V. What is dimension of V over Z 5 ? 
Find the finite set which generates V over Z 5 . 

163. Let V = Z 2 x Z 2 x Z 2 be a group vector space over Z 2 . Prove 
V is a simple group vector space. Find all group vector 
subspaces of V. Is B = {(0 0 0), (1 0 0), (0 1 0), (0 0 1), (1 1 
0), (0 1 1), (1 1 1), (1 0 1)} a basis of V over Z 2 ? 

164. Let V = Z 16 x Z 16 x Z 16 x Z 16 be a group vector space over 
the group G = {0, 4, 8, 12} under addition modulo 16. Find 

a. Subgroup vector subspaces of V using the 
subgroup FI = {0, 8} contained in G. 

b. W = Zi6 x Zi6 x {0} x {0}, a group vector 
subspace of V. What is dimension of W? 

c. Flow many group vector subspaces can V have? 

d. What is dimension of V over G? 

165. Give examples of a one dimensional group vector space 
which has a group vector subspace of infinite dimension? 

166. Let V = ZxZxZbea group vector space over Z. Let W = 
{(p, p, p) | p is a prime} c V. Is W a group vector subspace 
of V? What is dimension of V over Z? What is the 
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dimension of W over Z? Suppose S = {(x ls x 2 , x 3 ) | x, e 2Z; 
l<i<3}cV;isSa group vector subspace of V? What is 
dimension of S over Z? 



167. Let V = {(a, a, a, a) | a e Z} a group vector space over Z. 
What is the dimension of V over Z? Can V have group 
vector subspaces of higher dimension than V? Suppose S = 
{(7, 7, 7, 7), (2, 2, 2, 2), (5, 5, 5, 5), (1, 1, 1, 1), (0, 0, 0, 0)} 
cr V. Can S be a group vector subspace of V? Justify your 
claim? 



168. 
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group vector space over the group Z 2 = {0, 1}. Prove V is a 
simple group vector space. Prove V has only two group 
vector subspaces. Is dimension of V over Z 2 four? 



169. Let V = {1 1 1 1 1 1 1), (1 1 1 0 0 0 0), (0 0 0 0 0 0 0), (0 1 
0 1 0 1 0), (1 0 1 0 1 0 1)} be a group vector space over the 
group Z 2 = {0, 1}. Find all group vector subspaces of V. 
What is dimension of V over Z 2 ? 



170. Let V = Q x Q be a group vector space over Q. What is 
dimension of V over Q? Find group vector subspaces of V. 
Does V contain subgroup vector subspaces of V? Does V 
contain subgroup vector subspaces? Let W = ZxZcQx 
Q, is W a subgroup vector subspace of V over the subgroup 
Z? What is dimension of W? Suppose Vi = Q x Q is a group 
vector space over the group 3Z. What is the dimension of 
V j over 3Z. Find generating subsets of V and V i over Q and 
3Z respectively. 

171. Give examples of group vector spaces V such that 
dimension of V is the same as cardinality of V? 



172. Let V = CxCxCbea group vector space over C. What is 
dimension V over C? 
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IfVi = CxCxCisa group vector space over R. What is 
dimension of Vi over R? 

If V 2 = C x C x C is a group vector space over Q. What is 
dimension of V 2 over Q? 

If V3 = C x C x C is a group vector space over Z what is 
dimension of V 3 over Z? 

If V4 = C x C x C is a group vector space over 5Z what is 
dimension of V 4 over 5Z? 

Find group vector subspaces of V, Vi, V 2 , V 3 and V 4 . 

Can V, Vi, V 2 , V3 and V 4 have duo subgroup vector 
subspaces? 

173. Give an example of a group vector space which has no duo 
subgroup vector subspaces? 

174. Let V = Z 5 x Z 5 x Z 5 be a group vector space over the group 
Z 5 . Can V have duo subgroup vector subspaces? 

175. Does their exists a group vector space V over a group G in 
which every group vector subspace is a subgroup vector 
subspace and vice versa? 

176. Let V = Z 13 x Z [3 x Z 13 x Z [3 be group vector space over 
Z 13 . Can V have duo subgroup vector subspace? 

177. Let V = Zn x Z 17 x Z 17 be a group vector space over the 
group Zi 7 . Prove V is a simple group vector space. Can V 
have group vector subspace? What is dimension of V? 

178. If V = Z p x ... xZ p , Z p the group under addition modulo 

n -times 

p. V the group vector space over Z p . What is dimension of 
V over Z p ? How many generating subsets can V have? 

179. Let V = Z 6 x Z 6 x Z 6 be a group vector space over Z 6 , what 
is dimension of V. Find one subgroup vector subspace and 
group vector subspace of V? 
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180. 



181. 



182. 



183. 



184. 



185. 



Let V = Z n x ... xZ n where n is not a prime. Prove V is 

t- times 

not simple as a group vector space over Z n . What is 
dimension of V over Z n ? Find a generating subset of V. 
Does V contain group vector subspaces? 



Let V 



r a a^ 



v a a y 



aeZ 5 be a group vector space over the 



group Z 5 . Prove V is simple? What is the dimension of V 

7 1 A (0 0 V 



over Z{! Is S = 



vl h V 



0 0 



the generating subset of 



V? Can V contain group vector subspaces? Justify your 
claim. 



Let V = i 



a a 



a a 



\ 






aeZ p 


y mxn 





be a group vector space 



over Z p , p a prime; prove V is simple. What is the 
dimension of V over Z p ? Can V have group vector 
subspace? 



Let V = 



a a 



a eZ l2 be a group vector space over 



^ a a aji j 

Zi 2 . Is V simple? Find group vector subspaces of V. What is 
dimension of V over Z \{t 



What is the dimension of V = Z p as a group vector space 
over Z p ? Is V simple? Can V have group vector subspaces? 



a a 
a a 



Let V = -II . . .1 aeZ n ; n not a prime} be a 

group vector space over the group Z n . Prove V is not 
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simple! What is the dimension of V over Z n . Find proper 
group vector subspaces of V. 

186. Let V = {(aij) mxn | ay e Z n ; 1 < i < m and 1 < j < n} be a 
group vector space over Z n . What is dimension of V over 
Z n ? When is V simple? When is V not simple? Find group 
vector subspaces of V. 



187. 



Let V = 




*6 J 



a. e Z 9 ; 1 < i < 6 



be the group 



vector space over Z 9 . What is the dimension of V over Z 9 ? 
Is V simple? If V is defined over G = {0, 3, 6} what can one 
say about subgroup vector subspaces of V? What is the 
dimension of V over G = {0, 3, 6}? 



188. 



Let V = 



a, 



V a 4 a 5 a 6/ 



a ; eZ„ ; n > 2; 1 < i < 6 



be a 



group vector space over Z 3 n What is the dimension of V 
over Z 3 n? Prove V is not simple. Find subgroup vector 
subspace W of V which is simple. 



189. 



Let V 



^a a^ 
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a,b,c g Z 




v c 







be a 



group vector space over Z. Find the subgroup vector 
subspace over 5Z. Prove V is not simple. What is the 
dimension of V over Z? Find some group vector subspaces 
of V. 
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C J 



Z 



be the group 



vector space over Z. Is V simple? What is dimension of V 
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over Z? Prove W = J 



l is a group subspace 



191 . 



192. 



of V. 



^a b A 
a b 
v a b 



a,b g Z 



Let V 






a 

a 

v b y 






v a y 






v b y 



a,b g Z 



be a group vector space 



over the group Z. What is dimension of V over Z? Find 
proper group vector subspaces of V. Prove V is not simple. 
What is the dimension of the group vector subspace Wi = 



fab 



v b y 



a, b g Z 



> ? Let W 2 : 






V a V 



a, b g Z 



be a group 



vector subspace of V. What is the dimension of W 2 ? Let W 3 
a, b g z| be the group vector subspace of V. What 
dimension of W3 over Z? Is dimension of Wi = dimension 






v b y 



of W9 = dimension of W3? W' = 





f a l 






a 


a g 2Z 




a 






v a y 





is a 



subgroup vector subspace over the subgroup H = 2Z. What 
is dimension of W' over 2Z? Is the generating subset of W' 
unique? 



Does there exist a group vector space which has more than 
one generating set? 
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193. 



Let V = {(x, x, x), (y, y, y, y) | x e 2Z and y e 3Z} be the 
group vector space over Z. What is dimension of V over Z? 
Is V simple? What is the dimension of W = {(x x x) | x e 
2Z} over Z. What is dimension of W over 2Z? 

194. Let X = {(a, a) (a, b) | a e Z, b e 4Z} be a group vector 
space over Z. What is dimension of X over Z? Find a 
generating subset of X. Is it unique? 

195. Let Y = {(a, a, a), (b, b, b, b), (x b x 2 , x 3 , x 4 , x 5 ) a, b x; e Z; 
1 < i < 5} be a group vector space over the group Z. Is Y 
simple? What is the dimension of Y over Z? Find a 
generating subset S of Y. Is S unique? T = {(a, a, a), (b, b, 
b, b) (c, c, c, c, c)} c Y, is a group vector subspace of Y 
over Z. Find dimension of T over Z? 

196. Let V = Z 12 x Z [2 be a group linear algebra over Z 12 . What is 
the dimension of V? Find a generating subset X of V. 

197. Let V = Z [2 x Z i2 be a group linear algebra over G = {0, 2, 
4, 6, 8, 10}. What is the dimension of V over G? Give a 
generating subset of V. 

198. Let V = Z i2 x Z [2 be a group linear algebra over the group G 
= {0, 3, 6, 9}. What is dimension of V over G'? Give a 
generating subset of V? 

199. Let V = Z 12 x Z 12 be the group linear algebra over the group 
S = {0, 6}. What is the dimension of V over S? Give a 
generating subset of V over S. 

200. Let V = Z 12 x Z [2 be the group linear algebra over the group 
P = {0, 4, 8}. What is the dimension of V over P? Give a 
generating subset of V over P. 

20 1 . Does the dimension of a group linear algebra dependent on 
the group over which it is defined? Find the relation 
between the dimension of V in problems (196-200) and the 
cardinality of the group over which they are defined. Can 
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one say the dimension increases with the decrease of the 
cardinality of the group over which V is defined? 

202. Let V = Z 12 x Z 12 x Z 12 x Z 12 be the group linear algebra 
over the group Z [2 . Does V have pseudo semigroup linear 
subalgebra? Find in V a pseudo group vector subspace over 
the group Z 12 . 

203. Let V = Z 5 x Z 5 x Z 5 be the group linear algebra over Z 5 . 
Can V have pseudo semigroup linear subalgebra over Z 5 ? 

204. Let V = ZxZxZbe the group linear algebra over Z. W = 
2Z x Z x Z x 2Z be the group linear algebra over Z. Define 
a group linear transformation from V to W so that T is 
invertible. Define a group linear transformation from V to 
W, which is not invertible. 

205. Let V = Z 7 x Z 7 x Z 7 be a group linear algebra over G = Z 7 . 
Define a group linear operator T on V which has T 1 such 
that T oT 1 = T 1 oT; is the identity group linear operator 
on V. Is T (x y z) = T (0 y x) from V to V an invertible 
group linear operator on V? If T (x y z) = (x + y x-y 0) from 
V to V, is T an invertible group linear operator on V? What 
is the structure of M G (V, V) = M z? (V, V)? Is M Z7 (V, V) a 

group linear algebra over Z 7 with composition of maps as an 
operation on it? Prove your claim. 

206. Let V be a group linear algebra over a group G. Let M G (V, 
V) denote the set of all group linear operators from V to V. 
What is the algebraic structure of M G (V, V) ? Can M G (V, 
V) be a group linear algebra over G? 

207. Let V and W be two group linear algebras over the group G. 
Let M g (V, W) denote the collection of all group linear 
transformations from V to W. What is the algebraic 
structure of M G (V, W)? Is M G (V, W) a group linear 
algebra over G? Is M G (V, W) a group vector space over G? 
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208. 



209. 



210 . 



211 . 



212 . 



213. 



Let V = Z 2 x Z 2 and W = Z 2 x Z 2 x Z 2 x Z 2 be group linear 
algebras over the group Z 2 . Find M G (V, W). What is the 
dimension of M G (V, W)? Find M G (V, V) and M G (W, 
W) and determine their dimensions. If T (x, y) = (x, x + y, 
x - y, y) is the map from V to W; is T a group linear 
transformation? Is T a invertible group linear 
transformation? 



Let V 



a a a 



aeZ and W= {ZxZxZ} be group 



[v a a a; | j 

linear algebras over Z. Find dimensions of V and W. What 
is the dimension of M z (V, W)? 



be a group linear 

algebra over G = {0, 5, 10}, group under addition modulo 
15. What is dimension of V over G? Can V have pseudo 
semigroup linear subalgebras? Justify your claim. Is W = 

ffa a a} 1 

-< aeZ l5 a proper group linear subalgebra of 

[V a a a) J 

V? Find a proper linear subalgebra of V with dimension 3. 

Let V = Z 2 [x] be a group linear algebra over Z 2 . What is the 
dimension of V over Z 2 ? 

Find M z [V, V]. What is the dimension of M z [V, V] over 
Z 2 ? 



Let V 



f a b 



a,b,c,d,e,f e Z, 



Let V = Z 8 x Z 8 x Z 8 be a group linear algebra over the 
group G = {0, 4} under addition modulo 8. Find the 
dimension of V over G. Find M G [V, V]. What is the 
dimension of M G [V, V]? Does their exist any relation 
between dimension of V and M G [V, V]? Which has higher 
dimension V or M G [V, V]? 

Let V be a group vector space over the group G. Suppose H 
is a subgroup of G, V be also a group vector space over H. 
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Will the dimension of V increase with the subgroups on 
which V is defined or decrease when V is defined on the 
subgroups of G. 

214. Let V = Z i2 x Z, 2 x Z, 2 x Z 12 be a group vector space over 
the group Z, 2 . What is dimension of V over Z, 2 ? Let Vi = 
Zi 2 x Z [2 x Z 12 x Zi 2 be the group vector space over the 
subgroup H = {0, 2, 4, 6, 8, 10} cZj 2 . What is the 
dimension of V! over H? Suppose V 2 = Z 12 x Z 12 x Z 12 x Z 12 
group vector space over the subgroup P = {0, 3, 6, 9}, find 
the dimension of V 2 over P. If V 3 = Z, 2 x Z, 2 x Z [2 x Z, 2 
group vector space over the subgroup K = {0, 6} find the 
dimension of V 3 over K. Compare the dimensions of group 
vector spaces V, V,, V 2 and V 3 . 



215. 



be the group linear 

algebra over Z 8 . Find dimension of V over Z 8 . If Vi = 
\f aj a, a 3 ^| 

1 ‘ a, eZ 8 ;l<i< 6}, what is the dimension of 



Let V = 



cl, cio 



V a 4 a 5 a 6 J 



a : eZ, 



V a 4 






V, over the subgroup H = {0, 4} cz Z 8 as a group linear 
algebra over H cz Z 8 . Let V 2 = 

\f aj a 2 a 3 ^| 

< I ‘ a, eZ 8 ;l<i<6> be a group linear algebra 



V a 4 



* 6 / 



over the subgroup K = {0, 2, 4, 6} cz Z 8 . What is the 
dimension of V 2 over K. Compare the dimensions of V, V, 
and V 2 . 



216. Let V be a group linear algebra over the group G, and also 
proper subgroups H,, H 2 , ..., H n of G. Find dimensions of 
the group linear algebra V over the subgroup H,, ..., H n and 
compare them. Compare dimension of the group linear 
algebra V over the group G with the group linear algebra 
over Hj’s; i = 1, 2, ..., n. 
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a,b,c,d g Z 4 | be the group linear algebra 

over Z 4 . What is dimension of V over Z 4 . Suppose V = 

a,b,c,d e Z 4 | be the group linear algebra over H 

= {0, 2} c Z 4 . What is dimension of V over H? Let V = 

a,b,c,deZ 4 j be a group vector space over Z 4 

what is dimension of V as a group vector space over Z 4 ? 
Does dimension of V as a group vector space over Z 4 
different from V as a group linear algebra over Z 4 ? What is 
the dimension of V as a vector space over H = {0, 2}? 

218. Let V = Z 5 x Z 5 x Z 5 be a group vector space over Z 5 . What 
is dimension of V over Z 5 ? Let V be the group linear 
algebra over Z 5 . What is the dimension of V as a group 
linear algebra over Z 5 ? 

219. Let V = ZxZxZxZxZbea group linear algebra over Z. 
What is dimension of V over Z? If W = 1 1Z x 2Z x 3Z x 5Z 
x 7Z cz V be the group linear subalgebra of V over Z. What 
is dimension of W overZ? Let P = Zx {0} x {0} x {0} x 
{0} c V be a group linear subalgebra of V over Z. What is 
dimension of P over Z? 

220. Give an example of a fuzzy vector space over the field of 
reals. 

221. Given V = {Z [2 x Z 12 x Z [2 } is the set vector space over the 
set S = Zi 2 . Define a map r) : V — > [0, 1] so that Vp is a 
fuzzy set vector space. 
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222 . 



223. 



224. 



225. 



226. 



227. 



Let V = 




d 



a,b,c,d 



Z 4 > be a set vector space over 



the set {0, 2}. Define a map p : V -» [0, 1] so that is a 
fuzzy set vector space. 



Let V = {(0001), (1100), (000), (0000), (1 1 1), (110), (010), 
(00000), (10000), (10101), (01010)} be the set vector space 
over the set S = {0, 1}. Define p : V — » [0, 1] so that is a 
fuzzy set vector space. 



Let V = 




b^ 

d 



a,b,c,d 



Z > be a set linear algebra over 



the set Z. Define the map p : V — > [0, 1] so that is a 
fuzzy set linear algebra. 



Let V = 



a e Z p be a set linear algebra over the 



set S = {0, 2, 5, 7, 3}. Define p : V — » [0, 1] so that Vp is a 
fuzzy set linear algebra. 



Let V 



b x 

d 



a,b,c,deZ g > be a semigroup vector 



space over the semigroup S = {0, 2, 4, 6} under addition 
modulo 8. Define p : V — > [0, 1] so that Vr, is a semigroup 
fuzzy vector space. 



Let V 



fa b c d x 

V 



a,b,c,d,e,f,g,heZ + be the 

,e f g h, 

semigroup vector space over the semigroup Z + . Does there 
exist a p : V — > [0, 1 ] so that V T| is a semigroup fuzzy vector 
space? 
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228. 



Let V = 



a,b,c,de3Z> be a group vector space 



fra b^ 

il c d , 

over G = Z the group under addition. Define p : V -> [0, 1 ] 
so that Vr, is a group fuzzy vector space? 

229. Let V = {(a b c d e) | a, b, c, d, e e Z 2 o} be a group vector 
space over Z 2 o. Define p : V — >■ [0, 1 ] so that is a group 
fuzzy vector space. 

230. Let V = Z 20 x Z 20 x Z 20 x Z 20 be a group vector space over 
the group G = {0, 5, 10, 15}. Define p : V — > [0, 1] so that 
V T| is a group fuzzy vector space. 

231. Let V = {(00111), (01000), (11000), (10001), (00001), 
(00000)} be a group vector space over the group Z 2 = {0, 
1}. Define p: V — » [0, 1] so that Vp is a group fuzzy vector 
space. 

232. Given any group vector space V over the group G. Does 
there always exists a group fuzzy vector space V T| ? 

be a group linear algebra 

over the group Z. Define map p : V — > [0, 1] so that is a 
group fuzzy linear algebra. Find a group fuzzy linear 
subalgebra of V. 

234. Let V = {(a a a a a) | a e Z) be a group linear algebra over 
the group Z. Define p : V — »• [0, 1] so that is a group 
fuzzy linear algebra. Find a group linear fuzzy subalgebra of 
V. 

235. Obtain some interesting properties about set bivector 
spaces. 



233. Let V 



a b 
c d 






a,b,c,d g Z 



j 
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236. Let V 



= Vi u V 2 = {(a a a a) | a e Z + } u 

a g 2Z + | be the set bivector space over the set 

Z + . Find a generating bisubset of V. What is the 
bidimension of V? Find for V a set bivector subbispace. 

0 
c 

a,b,deZ + j be a set bivector space over the 

set Z + . Find the generating bisubset of V. What the 
bidimension of V? 





237. Let V = Vj u V 2 




238. 



Given V! 




a, b,c,d 6 Z 



the group vector space 



over the group G = Z. V 2 = {Z x Z x Z} the group vector 
space over the same group G = Z. V = Vi u V 2 is the group 
bivector space over G. Find the bidimension of V. 
Determine the generating bisubset of V. 



239. Let V = V! uV 2 be a semigroup bivector space over the 
semigroup Z i2 where Vi = {(a a a) | a e Z [2 } and V 2 = 

a e Z p | . Find a bigenerating subset X = Xi u X 2 
of Vi u V 2 . What is the bidimension of V? 




240. Let V = {Z [2 x Z )2 x Z [2 } u Z [2 [x] be the semigroup 
bivector space over the semigroup S = {0, 6} under addition 
modulo 12. Find the bidimension of V. Find a semigroup 
bivector subspace of V. 



241. Let V = Vi u V 2 = {(111 1), (333), (456), (000)} u {Z 12 x 
Z 12 }. Is V a semigroup bivector subspace? Justify your 
claim. 
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242. 



Let V = 



u {(a a a a) | a g Z 3 } be a 



semigroup bivector space over Z 3 . What is bidimension of 
V over Z 3 as a semigroup bivector space. Suppose V is 
viewed as a semigroup bilinear algebra over Z 3 , what is the 
bidimension of V over Z 3 as a semigroup bilinear algebra 
over Z 3 . Hence or other wise can one prove if V is a 
semigroup bivector space over the semigroup S, if V be 
viewed as a semigroup bilinear algebra them bidimension V 
as a semigroup bivector space is always greater than the 
bidimension of V as a semigroup bilinear algebra over the 
semigroup S. 

Does their exists a semigroup bivector space V whose 
bidimension is same as that of V viewed as a semigroup 
bilinear algebra? 



243. 



Let V = {Z 4 x Z 4 x Z 4 } u 



a b 
c d 



\ 



a,b,c,d g Z 4 






= V! 



u V 2 be a semigroup bivector space over Z 4 . If V = Vi u V 2 
is a semigroup bilinear algebra over Z 4 . What are the 
bidimension of V as a semigroup bivector space over Z 4 and 
as a semigroup bilinear algebra over Z 4 ? 



244. Let V = Vj u V 2 = {(1110), (1111), (0000), (011), (000), 
(100), (101)} u {(1111111), (1101100), (0000000)} be a 
semigroup bivector space over the semigroup S = {0, 1 } = 
Z 2 . Find the bidimension of V. Find a bigenerating subset of 
V. Can this V be made into a semigroup bilinear algebra? 



245. Let V = V, u V 2 
fa b x 





' a 


a) 


9 


(bf 


9 


' a 


a 


a l 


a e Z + J 


l 


v a 


a . 




v b ? 




v a 


a 


W 


I 



V 



c d 



,(a b) 



j 



a, b, c, d g Z + > be the semigroup bivector 
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space over the semigroup Z + . What is the bidimension V? 
Find a nontrivial semigroup bivector subspace of V? 

246. Obtain some interesting results about semigroup bivector 
subspaces of a semigroup bivector space V. 

247. Given V = V] uV 2 is a quasi semigroup bilinear algebra 
over the semigroup S = Z + , here Vj = {(a a a) | a e Z + } is a 
semigroup linear algebra over S and V 2 = 

a g Z + | is only a semigroup vector space. 

(1) Find the bigenerating subset of V. 

(2) What is the bidimension of V? 

(3) Find a proper quasi semi linear subalgebra of V. 

248. Let V = Vi u V 2 be a quasi semigroup linear algebra over 
Z 8 where V] ~ Z s [x] is the semigroup linear algebra over Z 8 
and V 2 = {(1110), (2220), (3330), (4440), (5550), (6660), 
(7770), (0000), (000a) | a e Z 8 } is the semigroup vector 
space over Z 8 . Find a quasi semigroup linear subalgebra of 
V. What is bidimension of V? Is W = {ax + b/ a,be Z 8 } u 
{(2220), (4440), (0000), (0002), (0004), (6660), (0006)} a 
quasi semigroup subalgebra of V. What is the bidimension 
of W? Find the generating bisubset of V and W. 

249. Give some interesting properties about group bivector 
spaces defined over a group G. 

250. Define bisemigroup bivector subspace of a bisemigroup 
bivector space V over the bisemigroup S = Si uS 2 . 
Illustrate this by an example. 

251. Let V = Vi uV 2 = {Z 6 [x]} u {Z + [x] } be the bisemigroup 
bivector space defined over the bisemigroup S = Si u S 2 = 
Z 6 u Z + . Find a bisemigroup bivector subspace of V. Find 
the bigenerating biset of V over S. What the bidimension of 
V? 



fl 


^a 


a^ 




^a 


a l 




v a 


oj 


9 


v0 


a . 



319 




252. Give an example of a (7,4) bidimensional bisemigroup 
bivector space V = V) uV 2 over the bisemigroup S = Si 
uS 2 . 

253. Let V= {(1110), (0001), (110), (000), (0000), (101), (011), 
(0110)} u {(000), (210), (320), (020), (200)} = Vi u V 2 be 
a bisemigroup bivector space over the bisemigroup S = S = 
Z 2 u Z 3 . What is the bidimension of V over the bisemigroup 
S = Si u S 2 ? 



254. Find the bidimension of the group bivector space V = V) 

^a b) 

a,b,c,deZ> over the group G 



uV 2 = {Z[x]} u 
= Z. 



c d 



255. Obtain some interesting properties about bigroup bivector 
spaces over the bigroup G = Gi u G 2 . 



256. Let V = {2Z [x]} u 



^a a^ 



v a a y 



ae3Z> = V, u V 7 be the 



bigroup bivector space over the bigroup G = 2Z u 3Z. Find 
the bidimension of V over G. What the bigenerating subset 
of V? 



257. Let V = {Z 7 [x]} u {(a, a, a) | a e Z 9 } be the bigroup 
bivector space over the bigroup Z 7 u Z 9 . What is the 
bidimension of V? Find a bigenerating bisubset X = Xi 
u X 2 of V. Does V have a bigroup bivector subspace? 

258. Let V = Vi u V 2 = {2Z x 2Z x 2Z} u {9Z x 9Z x 9Z x 9Z} 
be a bigroup bivector space over the bigroup G = 2Z u 9Z. 
Find a bigenerating subset of X! u X 2 c V = V! uV 2 . 
Suppose V = Vi u V 2 is just considered as a group bivector 
space over the group G = Z. What is the bidimension of V? 
Find a bigenerating subset of V. Compare the properties of 
these spaces. 
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259. Let V = V, u V. 






v a a y 



aeZ u< 



a b 
0 c 



a,b,c g Z 



be the group bivector space over the group G = Z. What is 
the bidimension of V? Find a bigenerating bisubset X of V. 



260. Let V = Vj u V 2 



^a b A 
c d 



a,b,c,d g3Z 



u 



^a b x 
c d 



a,b,c,d g 5Z > be the bigroup bivector space over 



the bigroup G = 3Zu 5Z. Find at least two proper bigroup 
bivector subspaces of V. If = Xi u X 2 c Vi u V 2 is a proper 
subset of V which is the bigenerator V. What is bidimension 



of V over the bigroup? Is W 



^a a^ 

0 0 



a g 3Z > u 



^a a x 



0 0 



a g 5Z > a bigroup bivector subspace of V? What 



is the bidimension of W over G = 3Z u 5Z? 



261. Let V = Vi uV 2 = {(a, a, a, a, a) / a g Z n } u {(a a a) / a 
g Z 3 i} be a bigroup bivector space over the bigroup G = Z n 
uZ 3 i.What is the bidimension of V over the bigroup G = 
Zn u Z31? Does V have bigroup bivector subbispaces? Find 
a bigenerating bisubset X = XiUX 2 cV 1 uV 2 over G? Is 
X unique or can V have several generating bisubsets? 
Justify your claim. 

262. Let V = Vi uV 2 = jZjjujZg} be a bigroup bivector 

space over the bigroup G = = Z 5 u Z 6 . What is the 
bidimension of V over G? Does these exist a pseudo 
bisemigroup bivector subspace of W of V? 
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263. Can every bigroup bivector space over a bigroup have 
pseudo bisemigroup bivector subspace? Justify your claim. 

264. Can every bigroup bivector space over a bigroup have 
bigroup bivector subspace? 

Substantiate your claim! 

265. Let V = Vj u V 2 = { Z u [x] } u {Z 14 x Z 14 x Z 14 x Z 14 } be a 
bigroup bivector space over the bigroup G = Z n u Z 14 . Can 
V have a pseudo bisemigroup bivector subspace over a 
bisemigroup H = H, u H 2 c Z 4 u Z 14 ? Justify your claim. 



266. 



Let V = Vj u V 2 



a b 
c d 






a,b,c,de Z 7 



u 






t 


a 


aeZ, 




J 



be a bigroup bivector space over the 



bigroup G = Z 7 u Z 5 . Find bigroup bivector subspace of V 
over the bigroup G. 



267. Does the bigroup G = Z 7 u Z 3 (addition the operator on Z 7 
and Z 3 ) have nontrivial bisubsemigroups? 



268. 



Let V = Vj u V 2 = {Z 3 [x]} u 



a b 
c d , 



a,b,c,d 



Z 7 



be a 



bigroup bivector space over the bigroup G = Z 3 u Z 7 . Can 
V have pseudo bisemigroup bivector space over any 
bisubsemigroup H = Hi u H 2 of the bigroup G = Z 3 u Z 7 ? 



269. Define a bigroup bilinear transformation T of the bigroup 
bivector spaces V and W defined over the same bigroup G = 
Gi u G 2 . Hint: V = V, u V 2 and W = Wi u W 2 ; V; and W, 
are group vector spaces over the group G; ; i = 1, 2; T : V 
— »• W is such that T = Tj uT 2 : Vi uV 2 ^ Wi u W 2 . T; : 
Vi— >W i9 i= 1,2. 
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270. Let Hom GuG (V, W) be the collection of all bigroup 
bilinear transformations from V to W. Is Hom G uG (V, W) 
a bigroup bilinear bivector space over G = Gi u G 2 ? 

271. Define a bigroup bilinear operator on a bigroup bivector 
space V = Vi uV 2 over the bigroup G = Gi u G 2 . Will 
Hom G Gi (V, V) the collection of all bigroup bilinear 

operators form a bigroup bivector space over the bigroup G 
= Gi u G 2 ? 



272. 




[x]} u {Z. 



a,b,c,de Z 5 



u 




and W = 
be bigroup 



bivector bispaces over the bigroup G = Z 5 u Z 7 . Define a 
bigroup bilinear transformation from V to W. What is the 
bidimension of V and W over G? Find Hom G uG (V, W). 

Is Hom GuG (V, W) a bigroup bivector bispace over G = Gj 
uG 2 = Z 5 u Z 7 ? Justify your claim! 



273. Let V = Vi uV 2 be a bigroup bivector space over the 
bigroup G = Z 7 u Z n where Vi = Z 7 x Z 7 and Z n x Z n x 
Zn = V 2 . Find Hom GiUG2 (V, V). Is Hom G|UG2 (V, V) a 

bigroup linear bialgebra over G = Gi u G 2 = Z 7 u Zn under 
composition of maps? 



274. Let V = Vj u V 2 = {Z 5 x Z 5 x Z 5 } u {Z 7 x Z 7 x Z 7 } be a 
bigroup bivector bispace over the bigroup G = Z 5 u Z 7 . Can 
we define for W = Wi u W 2 = {Z 5 x {0} x Z 5 } u {{0} x Z 7 
x Z 7 } a bigroup bivector subspace of V a biprojection E of 
V to V? Is E o E = E? Define E explicitly E from V to V. 

275. Let V = {Z 7 xZ 7 x Z 7 } u {Z 5 x Z 5 x Z 5 } a bigroup bivector 
space over the bigroup G = Z 7 u Z 5 . Write V as a direct sum 
of bigroup bivector subspaces of V. Suppose V = @W; . 
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Can we for each i define E, a biprojector? Will E, o Ej = 0 if 
i & j and E; o Ej = E; if i = j ? Justify your claim. 



276. Let V 



a b 



V i u V 2 — 



a b 
v c d j 



a,b,c,d g Z. 



u 



v c d j 



a,b,c,deZ lg > be a bigroup bivector space over 



the bigroup G = Z i2 u Z [8 . Define biprojection operators on 



V. Suppose W = Wi u W 2 



^a a^ 



v a a y 



a g Z p > u 



^a a^ 



V a a 7 



aGZ lg cVi uV 2 be a bigroup bivector 



subspace of V over G = Z 12 u Z 18 can we have biprojection 
of V to W? 



277. 



Let V = Vi u V 2 = {Z + [x]} u< 



b A 

d 



a, b, c, d g 5Z + > be a 



bisemigroup bivector space over the bisemigroup G = Gi 
uG 2 = 3Z + u 5Z + . Find the bidimension of V. Is V finite 
bidimensional? Find proper bisemigroup bivector subspaces 
of V over the bisemigroup G = 3Z + u 5Z + . Define a 
bisemigroup bilinear operator on V. Find Hom G uG (V, V). 



Is Hom jz , (V, V) again a bisemigroup bivector space 
over the bisemigroup G = 3Z + u 5Z + . 



278. Let V = Vj u V 2 and W = Wi u W 2 be bisemigroup 
bivector space over the bisemigroup S = Si u S 2 . Find P = 
Hom s uS (V, W). Is P again a bisemigroup bivector space 

over Si u S 2 ? Find bidimension of P if V is (n ls n 2 ) 
bidimension and W is of (m ls m 2 ) bidimension over S = Sj 
uS 2 . 
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279. Let V 



a b 
c d 



a, b, c, d g 3Z + u {(a, a) | a e 5Z + } be a 



bisemigroup bivector space over the bisemigroup S = Sj 
u S 2 = 3Z + u 5Z + . What the bidimension of V? 

If P = Hom S uS (V, V) where S = Si u S 2 = 3Z + u 5Z + , 

what is the bidimension of P over Si u S 2 ? 



280. Let V = V[ u V 2 = {Z 2 x Z 2 x Z 2 } u {3Z + x 3Z + x 3Z + } a 
bisemigroup bivector space over the bisemigroup S = Si 
uS 2 = Z 2 u 3Z + . 

1. Find bidimension of V. 

2. Find Hom z 3z+ (V, V) over S = Z 2 u 3Z + . 

3. Does V have proper bisemigroup bivector 
subspace? Find at least two distinct proper bisemigroup 
bivector subspaces of V of same bidimension. 



281. 



Let V = Vi u...uV 5 = 



^a a a^ 



v a a a y 



^a a^ 



a g Z, 



{Z 7 x Z 7 } rj {Z 7 [x] } u 
a 



u 



^ b^ 



V 1 



a,b,c,d g Z 7 



u 



i\a a 



a g Z, 



[• be a 5-set vector space over S 



Z 7 . Find 



a generating 5-set subset of Z 7 . What is the 5-dimension of 
5 set vector space over Z 7 , Z 7 is taken just as a set and not as 
a semigroup? 

If the same V is taken as a semigroup 5-set vector space 
over Z 7 what the 5-dimension of V over Z 7 as a semigroup? 
Is V is a semigroup 5 set linear algebra over Z 7 ? 



282. Let V = 




Vi 

a^ 

a 



uV 2 uV 3 uV 4 
a g Z + 1 u 



= {Z + x Z + x Z + } u 






j 


a 


a g Z + 




J 



u 
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a a 
a a 



^a a a y 



aeZ 



be a semigroup 4 set linear algebra 



over the semigroup Z + = S. Find semigroup 4 set linear 
operator on V. Is Hom z+ (V, V) a semigroup set linear 

algebra over Z + where Hom z+ (V, V) = {T : V — » V where 

T = T 1 uT 2 uT 3 uT 4 }? 



283. 



Let V = Vj uV 2 u V 3 uV 4 u V 5 = {Z + x Z + j u 
f a b x 



c d 



a,b,c,de Z + 



f a a a^ 



u 



V v. v,y 

^a 0 0 A 
b c 0 
v d e f. 



a,b,c,d,e,f g Z + 



\^3 3 3y 



^a a^ 



u 



a a 
a a 



v a ay 



aeZ 



a g Z + 



u 



be a 



semigroup 5 set linear algebra over Z + . Let W = W, u W 2 u 

W 3 uW 4 u W 5 = {Z + x Z + x Z + x Z + } u 

( a b c^ 1 



u < 



Ode 
0 0 f 



a,b,c,d,e,f g Z + 



u 



f a a a a a^ 



y<l 3 3 3 3y 



a g Z + 



f a a^ 



a a 
a a 



v a ay 



aeZ + 



u 



f a a^ 



v a a y 



a g Z + k V! uV 2 u ... u 



V 5 = V be a semigroup 5-set linear algebra over Z + . Let 
Hom z+ (V, W) = {T = Ti u T 2 u T 3 u T 4 u T 5 : V -> W /T; 



: Vi — > Wj be the collection of all semigroup linear algebra 
transformation; 1 < i < 5}. Is Hom z+ (V, W) a semigroup 5 

set linear algebra over Z + ? 
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284. 



285. 



286. 



Let V = V! u V 2 u V 3 u V 4 u V 5 = 

|aeZ 2 ={0,l}| u (Z 2 x Z 2 x Z 2 } u 



a^ 



v° a 7 
^a a^ 



a a 
a a 



v a ay 



a g Z 2 = {0,1} 



u 



^a a a^ 



a a a 



^3 3 3 j 



aeZ, = {0,1} 



u 



a a a 
b b b 



a g Z 2 = {0, 1} > be a semigroup 5 set linear 



algebra over Z 2 . Find 

(a) semigroup 5 set linear subalgebra of V over Z 2 . 

(b) find a pseudo semigroup 5-set linear subalgebra of V 
over Z 2 . 

(c) Find a semigroup 5 linear operator on V. 

(d) Is Hom z (V, V) a semigroup set 5-linear algebra over 



Z 2 ? 



Let V = Vi u V 2 u V 3 u V 4 u V 5 = {Z 12 x Z 12 } u {Z 12 [x] | 
all polynomials of degree less than or equal to 4} u {(a, a, a, 



a)|aG Z 12 }u 



^a a a^ 



a a a 



^a a 



a g Z. 



u< 



a b 

v c dy 



a, b, c, d g Z j. 



be a semigroup set 5 linear algebra over Z !2 . What is the 5- 
dimension of V over Z 12 ? Find a semigroup set 5 linear 
subalgebra of V over Z [2 . Is Flom Z| (V, V) a semigroup set 
4 -linear algebra over Z 42 ? 



Let V = Vj u V 2 u V 3 u V 4 = {3Z + x3Z + x 3Z + } u Z + [x] 

^ a b I 



^a a a^ 



u 



3 3 j 



a g Z + > u 



Ode 
0 0 f 

a semigroup 4-set linear algebra over Z + . 



a,b,c,d,e,f g Z + 



> be 
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(a) Find a semigroup 4-linear subalgebra of V over Z + . 

(b) Find a pseudo semigroup 4-linear subalgebra of V over 
Z + . 

(c) Find Hom z+ (V, V). 

(d) What is the 4-dimension of V over Z + ? 



287. 



Let V = Vi u V 2 u V 3 u V 4 = {Z 9 x Z 9 x Z 9 } u {Z 9 [x] | all 
polynomials of degree less than or equal to three} 

17 a a a 7 ] 






a 



a 



a 



a g Z 9 



u {(a, a, a, a, a, a ), (a a a a) / a 



^a a a ) 



g Z 9 } be a semigroup 4-set vector space over Z 9 = {0, 1,2, 
..., 8}. Find a semigroup 4-set vector subspace of V. What 
is the 4-dimension of V over Z 9 ? 

Find a 4-generating subset of V. Is Hom z (V, V) a 
semigroup set vector space over Z 9 ? 
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Let V - V, uV 2 u V 3 uV 4 - {Z15 x Z15 x Z15} 



u 



f a a a^ 



a a a 



^a a a j 



a g Z, 



u {Z15 [x] / all polynomials of 



a a 



degree less than or equal to 10} u 



a 

a 



a 

a 



a g Z, 



> be a 



semigroup 4-linear algebra over the semigroup Z15. Find a 
semigroup 4-linear subalgebra of V over Z15. What is the 4- 
dimension of V over Z 15 ? Find a 4-generating subset X of V 
over Z15. Is Hom z (V, V) a semigroup 4-linear algebra 

over the semigroup Z 15 ? 
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289 . 



290. 



291. 

292. 

293. 



Let V — "V i LJ V2 ^ V3 ^ V4 V5 — {Z10 x Z\q x Zjq} ^ 

b Al 



a a^ 



^a a^ 



v a a a y 



v a a y 



aeZio lu 



V 



c d 



a,b,c,d g Z,„ > u 



^a a a x 



a a a 

a a a 



^a a a y 



a g {0,5} 



> u {(a a a a a a), (a a), (a a a a a) | a 



g Z 10 } be a semigroup 5-set vector space over the 
semigroup S = Z 10 . Find a semigroup 5-set vector subspace 
of V. Find a semigroup 5-set linear operator on V? Can V 
be made into a semigroup 5-set linear algebra over Zi 0 ? 



Let V = Vj u V 2 u V 3 u V 4 u V 5 = {Z + [x]} u 
^a b A 1 
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a g Z + 



be a semigroup 5 set vector 



[v a a a; | j 

space over Z + . Find a semigroup 5-set vector subspace of V. 
Find a 5 -dimension generating subset of V. 



Give some interesting properties about semigroup n set - 
vector space over a semigroup S. 



Obtain some interesting properties about semigroup n-set 
linear algebra over a semigroup S. 



Characterize those semigroup n-set linear algebras over a 
semigroup S which has pseudo semigroup n-linear algebras. 
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294. Let V = Vi u ... u V n be a group n-set vector space over the 
group G and W = Wi u W 2 u ... u W m (m > n) be a group 
m set vector space over the same group G. Let Hom^ (V, 
W) denote the collection of all quasi n-set linear 
transformation of V into W. What is the algebraic structure 
of Horn’ (V, W)? Is Hom^. (V, W) a group n- set vector 
space over the group G? 

295. Obtain some interesting properties about Hom^. (V, W). 

296. Let V = Vi u V 2 u ... u V n be a group n-set vector space 
over the group G. W = Wi u W 2 u . . . u W n (n > m) be a 
group m-set vector space over the group G. Let Horn” (V, 
W) denote the collection of all pseudo quasi group n-set 
linear transformation of V into W. What is the algebraic 
structure of Horn” (V,W) ? Will Horn” (V, W) be a group 
n-set vector space over G? 

297. Find some interesting results about Horn” (V, W). 

298. If V = Vi u ... u V n be a group n-set vector space over the 
group G. If the n-dimension of V is (ti, . . ., t n ). Suppose W = 
Wi u ... u W m (m > n) be the group m set vector space over 
the group G. If the m-dimension of W is (r , , r 2 , ..., r m ). 
What are the dimension of Hom^ (V, W)? Likewise if (m < 
n) what is the dimension of Horn” (V, W)? 

299. Find some good applications of set fuzzy vector spaces to 
other fields other than the ones mentioned in this book. 

300. Let V = Vi u ... u V n be a set n-vector space over the set S. 
How many set fuzzy n-vector spaces can be constructed? 
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Let V = Vi u V 2 u V 3 = {Z + [x]} u {Z + x Z + x Z + x Z + x 

+ (fa b c^l 1 

Z } u< a,b,c,d,e,f g Z > be a set 3-vector 

1U e f J J 

space over the set Z + . Find at least 5-distinct set fuzzy 3 
vector spaces. 

Let V = {A ; = (ay) | (ay) g [0, 1 ] be a n x n matrix with sum 
of the rows equal to one i = 1, 2, . k} be a set vector space 
over the set [0, 1], i.e., V = (A b A k ), V) = (a|,...,A[) , 

V 2 = (a^,...,aM , ... , V t = (Af,...,AM . Construct a fuzzy 
markov chain using V and apply it to web related problems. 

Let V = Vi u V 2 be a group vector bispace where Vi = {A 
= [ay]; m x n matrices with entries from Z} 



a a a a a a 



a a a a a a 



aeZ be a group vector bispace 



over the group G = Z. 

(1) Find at least four group fuzzy vector bispace 

(2) Find at least 4 distinct group fuzzy vector subbispace. 



Let V = V, uV 2 u V 3 uV 4 u V 5 = {Z 5 [x]} 
(fa b^l . _ 1 



a, b, c, d g Z s 



u {Z 5 x Z 5 } u 



a a a a 



c d a,b,c,d,e,f gZ 5 [ u< a a a a acZ, [be 



a a a a 



a group 5 vector space over the group Z 5 . Find a group 
fuzzy vector space. 
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Set fuzzy vector subbispace, 241-2 

Set linear algebra, 29, 50 
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Set linear transformation, 45 
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Set n- fuzzy linear algebra, 27 1 -2 

Set n-vector space, 175-6 

Set n-vector subspace, 176-7 

Set vector spaces, 29-33 

Set vector subspace, 35 

Set vector zero space, 36 

Simple group vector space, 98-9 

Simple semigroup linear algebra, 67-8, 72 

Special weak linear bialgebra, 23 

Strong bivector space, 20 

Strong linear bialgebra, 2 1 

Strong linear subbialgebra, 21 
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Strong subsemigroup n- set linear subalgebra, 204-5 

Strong subsemigroup n- set vector subspace, 204-5 

Subbigroup, 2 1 -2 

Subgroup n- set linear subalgebra, 213-4 
Subgroup vector subspace, 96-8 
Subsemigroup n- set linear subalgebra, 200- 1 
Subsemigroup n- set vector subspace, 200 
Subsemigroup subvector space, 65-6 
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Subsemigroup linear subalgebra, 66-7 
Subset linear subalgebra, 52 
Subset vector subspace, 38 
Subspace spanned, 1 1 
Subspace, 9-10 
Sum of subsets, 1 1 

V 

Vector space, 7-9 

W 

Weak bivector space, 20 
Weak linear bialgebra, 22-6 
Weak linear subbialgebra, 22 
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